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Field  Artillery  since  1941.  Because  of  the  general  accep¬ 
tance  that  the  method  works,  the  procedure  has  remained 
relatively  unchanged  for  32  years;  no  documented  evidence 
of  previous  efforts  to  establish  an  analytical  basis  for 
the  procedure  apparently  exists.  Employing  the  methods  of 
stochastic  approximation,  the  theoretical  foundation  for 
the  current  procedure  is  established.  Using  the  developed 
theoretical > foundation  of  the  current  precision  fire  method, 
a  simplified,  more  efficient  procedure  is  developed.  In 
addition,  an  optimal  precision  fire  procedure  to  be  used 
when  forward  observers  are  equipped  with  laser  range  finders 
is  presented.  The  procedures  are  compared  analytically  and 
through  computer  simulations  to  arrive  at  conclusions 
regarding  simplicity,  accuracy  and  economy  of  ammunition 
expenditures. 
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ABSTRACT 


This  thesis  is  addressed  to  the  problem  of  determining 
optimal  precision  fire  methods  for  the  Field  Artillery. 

The  current  precision  fire  technique  has  been  in  use  by  the 
Field  Artillery  since  1941.  Because  of  the  general  accep¬ 
tance  that  the  method  works,  the  procedure  has  remained 
relatively  unchanged  for  32  years;  no  documented  evidence 
of  previous  efforts  to  establish  an  analytical  basis  for 
the  procedure  apparently  exists.  Employing  the  methods  of 
stochastic  approximation,  the  theoretical  foundation  for 
the  current  procedure  is  established.  Using  the  developed 
theoretical  foundation  of  the  current  precision  fire  method, 
a  simplified,  more  efficient  procedure  is  developed.  In 
addition,  an  optimal  precision  fire  procedure  to  be  used 
when  forward  observers  are  equipped  with  laser  range  finders 
is  presented.  The  procedures  are  compared  analytically  and 
through  computer  simulations  to  arrive  at  conclusions 
regarding  simplicity,  accuracy  and  economy  of  ammunition 
expenditures. 
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EXECUTIVE  SUMMARY 


The  current  field  artillery  precision  fire  technique 
for  registration  and  destruction,  as  described  in  Field 
Manual  FM  6-40,  has  been  in  use  since  1941.  Procedurally , 
it  has  remained  relatively  unchanged  for  32  years  because  of 
the  acceptance  that  it  "works”.  It  appears  that  no  documen¬ 
ted  efforts  have  heretofore  been  made  to  establish  an 
analytical  basis  to  explain  how  well  the  procedure  should 
work.  Using  a  stochastic  approximation  analytical  model  of 
the  current  procedure,  along  with  computer  simulation  test¬ 
ing,  the  following  conclusions  were  reached: 

1.  The  current  precision  fire  procedure  as  described  in 
FM  6-40  is  not  optimal  in  achieving  registration  accuracies 
or  target  hits. 

2.  Using  the  assumptions  of  the  current  procedure,  a 
simple  alternative  adjustment  technique  is  developed. 

t 

Rather  than  making  adjustments  after  firing  a  group  of 
rounds,  a  correction  to  firing  data  is  made  after  each 
round  is  fired.  This  method  was  found  to  be  superior  to  the 
current  6-40  procedure  in  the  following  respects: 

a.  The  precision  fire  procedure  is  considerably 
simplified, 

b.  For  the  same  ammunition  expenditure,  greater 
accuracies  in  adjusted  registration  data  is  achieved. 

c.  The  procedure  is  less  sensitive  to  observer 
spot  errors. 
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d.  The  artillery  commander  can  tailor  his  registra 
tions  to  the  accuracy  needs  of  his  mission.  The  current 
procedure  does  not  have  this  flexibility  since  adjusted 
data  is  based  on  six  round  groups. 

e.  Adjusted  registration  data  can  be  further 
refined  by  considering  graze  bursts  of  time  registrations. 

f.  For  destruction  purposes,  approximately  10% 
fewer  rounds  are  needed  to  attain  a  target  hit. 

3.  Considerably  greater  accuracies  can  be  achieved 
using  a  second  alternative  procedure,  provided  observer 
errors  are  of  a  certain  nature.  Such  might  be  the  case  for 
an  observer  equipped  with  a  laser  range  finder.  The  proce¬ 
dure  is  similar  to  the  one  discussed  above  in  that  an 
appropriate  firing  data  correction  is  applied  after  each 
round  is  fired.  Rather  than  having  the  observer  spot  OVERS 
SHORTS,  LEFTS,  and  RIGHTS,  estimates  of  miss  distances  are 
used  in  the  calculation.  For  the  laser  range  finder  equip¬ 
ped  observer  precision  fire  procedure,  the  following 
conclusions  were  reached  on  this  alternative  method: 

a.  The  procedure  is  theoretically  optimal  under 
certain  fairly  broad  conditions. 

b.  For  an  expenditure  of  less  than  half  the  rounds 
equivalent  registration  accuracy  with  the  FM  6-40  procedure 
is  achieved. 

c.  The  procedure  minimizes  the  number  of  rounds 
needed  to  achieve  a  target  hit.  In  comparison  with  the 
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current  procedure,  approximately  l/3  fewer  rounds  are  needed 
to  achieve  a  target  hit. 

d.  The  procedure  was  found  to  be  generally  insen¬ 
sitive  to  angle  T.,  slant  range,  laser  calibration,  observer 
location,  minor  gun  crew  and  reasonable  observer  lasing 
errors. 

4.  If  the  time  to  destroy  a  target  is  critical,  an 
appropriate  method  of  engagement  appears  to  be  by  battery 
volley  fire,  rather  than  by  single  howitzer. 
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I.  INTRODUCTION 


The  purpose  of  this  thesis  is  to  compare  the  current 
precision  fire  doctrine  of  the  US  Army  Field  Artillery  with 
two  alternate  procedures;  the  first  procedure  to  operate 
under  the  same  system  capability  assumptions  of  the  current¬ 
ly  employed  procedure,  and  the  second  to  take  advantage  of 
the  capabilities  of  observers  equipped  with  laser  range 
finders.  In  view  of  acquisition  of  new  hardware,  particu¬ 
larly  the  laser  range  finder,  and  statistical  sampling 
theory  developments  since  the  inception  of  the  current 
doctrine,  it  is  hypothesized  that  the  current  precision 
fire  procedure  may  not  be  the  most  accurate  or  economical  in 
time  and  ammunition  expenditure,  nor  the  most  tractable  from 
user  viewpoint  in  achieving  desired  results. 

In  the  context  of  this  study,  precision  fire  will  encom¬ 
pass  only  precision  registration  and  target  destruction 
procedures.  Only  the  former  will  be  subjected  to  a  thorough 
analysis.  Target  destruction  procedural  comments  will  be 
general  in  nature  and  lead  directly  from  the  analysis  of 
precision  registration  results. 

Field  artillery  doctrine  demands  timely  and  accurate 
delivery  of  fire  to  meet  the  requirements  of  supported  units 
in  combat.  To  be  effective,  such  fire  must  be  of  suitable 
density,  accuracy  and  timeliness.  To  achieve  maximum  effec¬ 
tiveness,  and  the  greatest  demoralizing  effects  on  the  enemyj 
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accurately  delivered  massed  fire  without  prior  adjustment 
onto  target  is  necessary. 

To  achieve  the  capability  of  accurate  surprise  mass 
fire,  the  target  area  and  the  howitzer  positions  must  be 
surveyed  on  a  common  reference  grid.  Additionally,  correc¬ 
tions  for  all  nonstandard  conditions  which  may  affect  the 
projectile  trajectory  must  be  found  if  any  semblance  of 
accuracy  is  to  be  achieved.  Nonstandard  conditions  include 
such  variables  as  small  inaccuracies  in  survey  and  firing 
charts,  atmospheric  conditions,  and  tube  wear  of  the  cannon. 
To  account  for  all  errors  which  may  result  from  nonstandard 
conditions,  a  precision  registration  is  conducted. 

During  combat  operations,  fixed  targets  such  as  fortifi¬ 
cations  and  bridges  are  encountered  which  may  require 
neutralization  either  to  impede  the  enemy's  movements  or  to 
aid  our  own.  Artillery  in  support  of  ground  forces  is  the 
most  responsive  fire  support  means  and  as  such  is  often 
called  upon  to  neutralize  or  destroy  such  targets.  Although 
prior  precision  of  survey  of  the  target  is  not  essential, 
the  requirement  for  precision  in  firing,  sequential  estima¬ 
tion  of  adjustment  corrections  to  be  applied  during  firing, 
and  the  time  to  achieve  target  neutralization  is  essential. 

Section  II  will  describe  in  basic  terms  the  current 
FM  6-40  precision  fire  doctrine.  By  FM  6-40  precision  fire 
doctrine  the  author  implies  the  forward  observer  controlled 
precision  registration  and  destruction  missions  as  described 
in  Chapter  19  of  Ref.  14.  The  current  FM  6-40  precision 
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fire  procedure  has  been  employed  by  the  U.S.  Army  Field 
Artillery  since  1941  (Ref.  16).  Although  the  procedure  has 
been  used  essentially  in  the  same  form  by  the  field  artil¬ 
lery  for  the  past  32  years  because  it  ’’works”,  it  appears 
that  no  attempts  have  been  made  to  justify  the  method 
statistically  to  explain  precisely  why  the  procedure  should 
work  and  to  provide  an  insight  into  some  of  the  procedure’ s 
shortcomings.  Possibly  the  most  significant  contribution 
of  this  thesis  may  be  the  development  in  Section  III  of  the 
theoretical  basis  of  the  FM  6-40  procedure  through  the 
Stochastic  Approximation  Theory,  first  introduced  by 
Robbins  and  Monro  in  1951  (Ref.  12).  Using  this  theoretical 
development  as  a  base,  a  presentation  of  some  major  short¬ 
comings  of  the  current  procedure  is  made.  In  addition,  the 
theoretical  foundation  for  a  new  precision  fire  procedure 
using  the  same  system's  capability  assumptions  as  the 
FM  6-40  procedure  is  presented 

Section  IV  describes  the  proposed  precision  fire  proce¬ 
dure  and  compares  the  relative  accuracies  of  precision 
registration  data  with  the  FM  6-40  procedure  through  a 
computer  systems  simulation  using  identical  parameter  in¬ 
puts.  In  the  same  section  a  proposal  is  made  for  target 
destruction  method  when  the  time  to  achieve  target  destruc¬ 
tion  is  critical. 

Section  V  describes  the  precision  fire  procedure,  first 
recommended  by  Grubbs  in  1953  (Ref.  8),  to  be  used  if  the 
observer  is  equipped  with  the  laser  range  finder.  Conclu¬ 
sions  and  recommendations  are  presented  in  Section  VI. 
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II .  CURRENT  PRECISION  FIRE  TECHNIQUES 


A.  GENERAL 

Both  the  precision  registration  and  the  destruction 
mission  are  characterized  by  two  firing  phases,  an  adjust¬ 
ment  and  a  fire  for  effect  (FFE)  phase.  The  adjustment 
phase  attempts  to  make  crude  estimation  of  the  target 
center  location  by  bracket  halving  techniques  using  a 
single  howitzer  firing  one  round  at  a  time.  The  FFE  phase, 
following  an  established  algorithm,  applies  successively 
finer  corrections  to  data  until  a  predetermined  number  of 
rounds  have  been  fired  for  registration  correction  data,  or 
until  target  neutralization  has  been  achieved.  The  data 
computed  at  each  step  of  precision  fire  procedure,  when 
applied  to  the  fire  control  instruments  on  the  howitzer, 
determine  an  aim  point  around  which  the  rounds  fired  at 
those  settings  will  impact.  Where  the  rounds  will  actually 
burst  depends  upon  the  ballistic  distribution  pattern.  The 
parameters  of  variability  used  by  the  field  artillery  for 
the  bivariate  normal  distribution  of  the  fall  of  shot  are 
expressed  in  terms  of  probable  errors  in  range  (PER)  for  the 
range  component  and  probable  errors  in  deflection  (PED)  for 
the  deflection  component.  One  probable  error  is  equivalent 
to  .6745  standard  deviations. 

B.  THE  CURRENT  REGISTRATION  PROCEDURE 

The  base  piece  of  the  battery,  normally  the  howitzer 
which  is  closest  to  the  mean  velocity  error  of  all  the 
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battery's  howitzers,  fires  the  precision  registration.  The 
registration  point  is  a  specially  selected  target  which  is 
readily  identifiable  by  the  forward  observer  (FO),  centrally 
located  within  the  battery  target  area,  and  permanent  or 
semi- permanent  in  nature.  The  registration  point  and  the 
base  piece  are  located  by  survey. 

1.  Adjustment  Phase 

During  the  adjustment  phase,  the  forward  observer 
makes  appropriate  range  corrections  to  attain  successive 
range  brackets  of  the  target,  and  enters  into  the  fire  for 
effect  phase  when  a  100  meter  bracket  in  range  has  been 
achieved  and  halved.  A  bracket  in  range  exists  if  and  only 
if  the  last  burst  observed  and  the  immediately  preceding 
observed  impact  landed  one  short  and  one  over  the  target  as 
seen  by  the  observer.  The  corrections  for  deviation,  for 
those  impacts  occurring  left  and  right  of  the  target,  are 
handled  differently.  In  this  instance  the  observer  requests 
corrections  to  nearest  10  meters  after  each  burst,  attempt¬ 
ing  to  adjust  the  next  impact  onto  the  observer  target  line. 

The  procedure  of  using  bracket  halving  techniques 
to  adjust  for  range,  and  adjustment  to  nearest  10  meters  to 
correct  for  deviation,  are  based  on  the  assumed  forward 
observer  capabilities  in  estimating  burst  miss  distances  in 
relation  to  the  target  if  equipped  only  with  binoculars. 

The  underlying  assumption  seems  to  be  that  an  observer  is 
unable  to  estimate  range  miss  distances  with  "reasonable 
accuracy"  (apparently  unsupported  by  any  extensive  experi¬ 
mentation)  whereas  deviation  miss  distances  can  be 


14 


estimated  through  the  use  of  the  mil  scale  in  the  reticle  of 
the  forward  observer's  field  glasses.  The  deviation  is 
obtained  by  the  formula  W=RM,  where  W  is  deviation  in 
meters,  R  is  the  range  to  target  in  1000  meter  units,  and  M 
is  the  number  of  mils  the  observed  impact  occurred  left  or 
right  of  the  target. 

2.  Fire  for  Effect  Phase 

During  the  fire  for  effect  phase,  the  fire  is 
adjusted  by  the  fire  direction  center  based  on  the  observer 
spots  of  the  impact  of  the  rounds  in  relation  to  the  target. 
The  observer  reports  only  if  any  single  round  has  struck 
over,  short,  left,  or  right  of  the  target.  The  fire  direc¬ 
tion  center  converts  the  observer  burst  spots  from  the 
observer  target  to  the  gun  target  coordinate  system  using 
appropriate  tabulated  conversion  factors. 

The  procedure  for  estimating  the  target  center 
location  in  range  is  as  follows: 

a.  A  FORK  bracket  is  established.  A  FORK  is  the 
number  of  mils  in  elevation  needed  to  move  the  impact  of  a 
round  in  range  equivalent  to  4PER  (range  probable  errors). 
The  values  of  FORK  are  tabulated  for  fire  direction  use. 

b.  A  sufficient  number  of  rounds  are  fired  at  the 
mean  of  the  FORK  bracket  to  achieve  3  positive  fire  direc¬ 
tion  range  spots;  that  is,  the  3  rounds  in  the  gun  target 
coordinate  system  must  be  judged  to  have  struck  over  and 
short  of  the  target. 

c.  2  positive  fire  direction  range  spot  rounds  are 
attained  at  the  appropriate  end  of  the  FORK  bracket  which  is 
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opposite  to  the  preponderance  of  overs  and  shorts  at  the 
FORK  bracket  mean.  To  clarify,  suppose  that  at  the  mean  of 
the  FORK  bracket  2  of  the  3  rounds  were  determined  to  have 
struck  short  of  the  target.  The  next  group  of  2  rounds 
would  be  fired  at  that  data  at  which  a  spot  of  over  in 
establishing  the  FORK  bracket  was  achieved. 

d.  The  estimation  of  the  target  center  location  is 
based  on  the  six  positively  spotted  fire  direction  rounds 
which  were  fired  in  two  groups  of  three  rounds  each  at  data 
2FORK  apart.  The  appropriate  correction  to  be  applied  is 
computed  by  the  following  "preponderance"  formula: 


CORRECTION 


(SHORTS  -  OVERS)  FORK 
2  (NUMBER  OF  ROUNDS  USED) 


where  the  number  of  rounds  used  is  6. 

The  computed  correction  is  applied  to  the  mean  of  the  jFORK 
bracket  at  which  the  two  groups  of  three  rounds  were  fired. 

The  decision  rules  for  determination  of  range  were 
presented  without  taking  into  account  the  attainment  of  a 
target  hit.  A  target  hit  is  treated  as  a  simultaneous  over 
and  short  spot,  but  the  modifications  to  the  algorithm  as  a 
result  of  consideration  of  a  target  hit  in  any  one  of  the 
phases  of  the  registration  tend  to  be  somewhat  complicated. 
For  a  complete  treatment  the  interested  reader  is  referred 
to  Chapter  19,  Ref.  14. 

The  procedures  for  estimating  the  deviation  of  the 

1 

target  center  are  considerably  less  complicated  primarily 
due  to  the  small  PEDs  encountered.  In  the  fire  for  effect 
phase,  corrections  to  deflection  are  made  after  each  round 
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is  spotted  to  have  impacted  left  or  right  of  the  target. 

The  correction  to  be  applied  to  the  initial  round  is  a 
function  of  the  gun  target  range  and  the  acute  angle  (T) 
subtended  by  the  intersection  of  the  observer  target  and 
the  gun  target  lines  at  the  theoretical  target  center.  The 
values  of  initial  deflection  corrections  are  again  tabulated 
for  fire  direction  center  use.  Successive  bracket  halving 
techniques  are  employed  until  the  decision  is  reached  that 
appropriate  deviation  corrections  have  been  achieved. 
Deflection  is  considered  correct  when  one  of  the  following 
conditions  exists: 

a.  there  is  a  target  hit 

b.  there  is  a  split  of  a  two  mil  deflection  bracket 

c.  there  are  deflection  spottings  of  left  and  right 
from  two  rounds  fired  at  same  deflection  setting 

d.  there  are  deflection  spottings  of  left  and  right 
from  two  rounds  fired  at  deflection  settings  one 
mil  apart. 

Unlike  the  procedures  for  range  corrections,  where  only  the 
rounds  in  the  fire  for  effect  phase  are  considered,  deflec¬ 
tion  correction  procedure  requires  examination  of  rounds 
fired  in  the  adjustment  phase.  If  the  correct  deflection 
has  not  been  achieved  by  the  time  range  correction  has,  and 
if  a  deflection  bracket  is  established,  the  established 
deflection  bracket  is  halved  to  provide  the  adjusted  deflec¬ 
tion.  If  no  deflection  bracket  exists,  then  a  deflection 
bracket  is  "forced  and  half  of  that  bracket  is  used  as 
the  correct  deflection.  One  should  be  aware  that 
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situations  may  arise,  due  to  the  angle  T,  where  positive  FDC 
deflection  spots  are  difficult  to  achieve.  The  conversion 
tables  for  translating  observer  sensings  to  gun  target 
spots  do  not  differentiate  between  impacts  left  or  right  of 
the  target.  Further  comments  regarding  this  situation  will 
be  made  in  Section  IV. 

3.  Adjusted  Time  Phase 

In  addition  to  determining  corrections  for  range 
and  deviation,  corrections  to  time  settings  for  time  fuses 
to  achieve  a  0  height  of  burst  at  the  registration  point 
are  desired.  The  procedure  for  estimating  corrections  to 
the  time  of  flight  in  essence  is  a  sequence  of  observations 
of  time  fused  rounds  at  trial  time  settings  to  achieve  a 
mixture  of  air  bursts  and  ground  bursts.  The  howitzer 
quadrant  elevation  employed  is  the  adjusted  quadrant  eleva¬ 
tion  described  in  paragraph  2.  Although  this  phase  of 
precision  registration  will  not  be  analyzed,  it  is  mentioned 
because  information  from  this  phase  could  be  employed  to 
achieve  further  refinements  to  adjusted  elevation  data.  The 
current  procedure  uses  ground  burst  information  only  if 
adjusted  deflection  has  not  been  achieved.  Additional  com¬ 
ments  regarding  this  will  be  made  in  Section  IV. 

C.  IHE  CURRENT  TARGET  DESTRUCTION  PROCEDURE 

The  procedure  for  target  destruction  is  precisely  the 
same  as  described  for  precision  registration  through  the 
attainment  of  the  first  adjusted  data  for  range.  If  a 
deflection  correction  has  not  been  attained,  deflection 
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corrections  will  continue  to  be  applied  on  successive  rounds 
until  the  listed  rules  a  through  d  previously  mentioned  have 
been  met  or  target  neutralization  results,  whichever  occurs 
first.  The  danger  of  terminating  consideration  of  deflec¬ 
tion  corrections  with  each  round  fired,  if  the  criteria  for 
precision  registration  is  employed,  will  be  discussed  in  the 
treatment  of  proposed  procedures. 

After  the  attainment  of  the  first  adjusted  data,  succes¬ 
sive  groups  of  six  fire  direction  center  positive  range  spot 
rounds  are  used  to  compute  succeeding  data  corrections  until 
the  target  is  neutralized.  Each  six  round  group  is  fired  at 
the  most  current  adjusted  elevation  data.  Subsequent 
corrections,  after  each  six  round  group,  are  computed  on  the 
basis  of  the  stated  "preponderance"  formula: 

(SHORTS-OVERS)  FORK 
CORRECTION  (1/n)  - (2)"~(6) - 

where  'n'  indicates  the  nth  adjusted  data  correction  or  the 
nth  six  round  group  considered.  Note  that  the  adjusted  data 
for  the  precision .  registration  was  computed  with  n  equal  to 
1.  If  after  the  fourth  iteration  a  target  has  not  been 
neutralized,  n  retains  the  value  of  4  for  each  succeeding 
six  round  group  refinement. 
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III.  THEORETICAL  BASIS  FOR  CURRENT  PRECISION  FIRE  PROCEDURES 


This  section  will  analyze  the  theoretical  basis  for  the 
current  precision  fire  procedure  as  outlined  in  FM  6-40 
(Ref.  14),  and  provide  a  theoretical  foundation  for  proposed 
modifications.  Only  those  portions  pertaining  to  the  esti¬ 
mation  of  range  corrections  will  be  treated.  In  comparison 
with  range  errors,  deflection  errors  are  nearly  always 
insignificant,  with  the  ratio  of  probable  error  in  range 
(FER)  to  the  probable  error  in  deflection  (PED)  on  the  order 
of  7  to  1.  No  proofs  will  be  given.  Verification  of  speci¬ 
fic  results  quoted  from  literature  was  accomplished  through 
Monte-Carlo  computer  simulations.  Since  the  final  results 
of  this  thesis  will,  for  the  most  part,  be  based  on  direct 
computer  simulation  comparisons  of  all  competing  procedures, 
computer  verification  of  literature  provides  the  basis  for 
the  validity  of  the  computer  models  employed.  For  those 
readers  interested  in  full  analytical  developments  of 
results  quoted,  references  will  be  listed. 

Those  familiar  with  stochastic  approximation  theory  and 
the  published  works  of  Robbins  and  Monro  (Ref.  12),  Block 
(Ref.  2),  Che  *g  (Ref.  4),  Hodges  and  Lehman  (Ref.  9),  and 
Cochran  and  Davis  (Ref.  5)  will  readily  recognize  the  quoted 
"preponderance”  formula  as  being  the  Robbins-Monro  Stochas¬ 
tic  Approximation  Technique  using  a  six  round  sample  at  each 
level  considered  to  estimate  the  .5  quantile  response  level. 
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In  terms  of  artillery  precision  fire  it  is  the  estimation  of 
that  data  which  when  applied  will  cause  any  round  fired  to 
have  equal  probability  of  striking  over  or  short  of  the 
target  center.  If  the  aim  point  data  corresponding  to  the 
mean  of  the  normal  ballistic  distribution  can  be  made  to 
coincide  with  the  theoretical  target  center,  then  all  cor¬ 
rections  to  nonstandard  conditions  will  have  been  achieved. 
Furthermore,  this  data  will  also  provide  the  maximum  single 
shot  hit  probability  of  a  target.  The  probability  of 
achieving  a  hit  on  a  target  for  any  given  normal  ballistic 
distribution  is  directly  dependent  on  the  actual  aim  point 
location;  the  closer  the  aim  point  or  the  mean  of  the 
ballistic  distribution  is  to  the  target  center,  the  greater 
the  probability  of  attaining  a  hit  on  that  target. 

Robbins  and  Monro  (Ref.  12)  introduced  a  method  of 
stochastic  approximation  for  estimating  any  Lp,  the  level  at 
which  the  probability  of  attaining  a  "positive  response"  is 
p.  In  terms  of  artillery  precision  fire,  the  positive 
response  is  a  gun- target  line  OVER  spot,  and  Lp  corresponds 
to  the  howitzer  elevation  setting  at  which  the  probability 
of  attaining  on  OVER  spot  is  p.  A  series  of  observations  yn 
is  taken  at  levels  ^ such  that  after  n  trial  observations 
the  n+lst  estimate  of  Lp  is  determined  recursively  by 

*n+l  “  xn-an<>'n-P) 

where: 

1  if  nth  observation  is  "positive  response"  (OVER) 

yn  = 

0  if  otherwise 
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an  =  an  appropriate  sequence  of  positive  constants 
xn  =  the  level  (howitzer  elevation)  at  which  yn  was 
attained 

If  one»  the  next  observation  is  taken  at  a  lower  level, 

and  if  yn  is  zero,  the  next  observation  is  taken  at  a  higher 
level.  The  constants  an  are  chosen  to  depend  on  n  such  that 
successive  changes  of  level  become  smaller  and  the  estimates 
of  Lp  converge  to  the  true  value  of  Lp. 

Block  (Ref.  2)  proposed  a  modification  of  the  Robbins- 
Monro  iterative  procedure  by  recommending  that  instead  of 
taking  a  single  observation  at  each  level,  the  same  results 
may  be  obtained  by  taking  several  observations  at  any  single 
level  before  making  a  correction  in  the  estimation  of  Lp. 

The  idea  is  that  it  may  cost  less  to  take  several  observa¬ 
tions  at  any  one  point  than  the  same  number  of  observations 
at  different  points.  If  the  procedure  were  to  be  used  in 
bioassay  to  estimate  LDS0,  (the  lethal  dose  which  would  on 
the  average  produce  50%  deaths),  of  a  particular  drug  on  a 
number  of  laboratory  animals,  then  time  would  be  saved  if 
several  animals  could  be  given  the  drug  at  a  particular 
dosage  level  simultaneously  since  the  effects  of  the  drug 
tested  may  take  some  time  to  achieve  a  reaction  from  the 
animals.  However,  as  will  be  noted  later,  taking  several 
samples  at  a  single  level  could  produce  adverse  effects  in 
estimating  LDg0  if  the  total  sample  size  is  small. 

The  method  described  by  Block  for  estimation  of  LD^q  in 
bioassay  with  more  than  one  animal  at  any  level  is  precisely 
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the  same  as  used  by  the  current  precision  fire  procedure  in 
estimating  firing  data  which  would  place  the  mean  of  the 
ballistic  distribution  at  the  actual  target  center.  In 
terms  of  the  artillery  problem,  Block's  modification  of 
Robbins-Monro  recursive  form  for  the  (n+l)st  approximation 
of  the  target  center  firing  data  may  be  defined  inductively 
by  the  following  formula: 


Xn+l=Xn_an( 


1 

2 


) 


where: 


st 

=  the  (n+1)  approximation  of  the  target  center 

aim  point 
th 

Xh  =  the  n  approximation  of  the  target  center  aim 
point 

an  =  a  suitably  chosen  set  of  constants,  in  this 
case  FORK/n 


=  the  i 


■t*1  observation  at  the  n*h  trial  where 


’l  if  ii 
f i=' 

0  if  ii 


impact  observed  to  strike  over  target 
impact  observed  short  of  target 
To  show  that  the  Robbins-Monro  recursive  form  as  des¬ 
cribed  by  Block  with  an=FORK/n  provides  the  same  results  as 
the  FM  6-40  "preponderance"  formula,  consider  the  following 
example.  Let  us  assume  that  as  a  result  of  firing  a  six 
round  group  at  a  quadrant  elevation  of  300  mils,  4  rounds 
were  observed  to  impact  over  and  2  short  of  the  target.  Let 
us  further  assume  that  this  is  the  second  six  round  group 
and  the  value  of  FORK  is  twelve  mils.  The  data  to  fire  the 
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third  six  round  group  using  the  Robbins-Monro  and  the 
FM  6-40  preponderance  formula  is  as  follows: 

1.  Robbins-Monro  Method 

FORK  4 

NEW  ELEVATION  =  FIRED  ELEVATION  -  -  £) 

=  300  -  ^(i) 

=  299  mils 

2.  FM  6-40  Preponderance  Method 

NEW  ELEVATION  =  FIRED  ELEVATION  +  ( SHr>RTS-OVERS )FQRK 

=300+||  (-2) 

=  299  mils 

Any  other  combination  of  overs  and  shorts  will  produce 
identical  results  for  both  recursive  forms.  To  see  this, 
let’s  rewrite  the  two  correction  formulas  in  terms  of  OVERS 
and  SHORTS.  Recalling  that  Robbins-Monro  inductive  correc¬ 
tion  formula  considers  only  OVERS,  we  want  to  show  that  for 
any  number  of  rounds  considered,  equality  is  retained.  We’ll 
start  with  the  Robbins-Monro  form: 

-FORK  #OVERS  -  l/2.  _  -FORK  ,2  (COVERS)  -  ^OBSERVED, 

n  '^OBSERVED  '  “  n  '  2(#0BSERVED)  ' 

since  #OBSERVED  =  #0VERS  +  # SHORTS,  we  get 

-FORK  (fl OVERS  -  #SH0RTS)  FORK  f# SHORTS  -  #0VERS) 
n  2 (# OBSERVED)  n  2(#0BSERVED) 

and  this  is  the  FM  6-40  preponderance  formula. 

Having  shown  that  the  method  of  precision  fire  as 

described  in  FM  6-40  is  the  Robbins-Monro  type  multisample 

technique  for  determination  of  the  .5  quantile  response 

level,  properties  developed  for  the  Robbins-Monro  procedure 

will  be  applicable  to  precision  fire  procedure.  The 
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theoretical  results  which  are  to  be  presented  were  extracted 
from  Cochran  and  Davis  (Ref.  5),  except  where  noted  and 
where  modified  by  the  author  to  make  them  applicable  to  the 
artillery  problem. 

The  conditions  under  which  the  estimates  of  the  mean 
aim  point  converge  to  the  actual  mean  (the  true  target 
center)  in  mean  square  with  probability  1  are  discussed  by 
Robbins  and  Monro  (Ref.  12),  Wolfwitz  (Ref.  13),  Blum  (Ref. 3) 
and  Kallianpur  (Ref.  11).  Hodges  and  Lehman  (Ref.  9), 
extending  the  findings  of  Chung  (Ref.  4)  who  investigated 
the  asymptotic  convergence  of  the  Robbins-Monro  procedure, 
recommend  that  the  recursive  constant  to  be  used  in  the 
quantal  response  problem  should  be  on=c/n. 

Following  is  a  set  of  results  quoted  from  Cochran  and 
Davis  (Ref.  5)  regarding  the  asymptotic  distribution  of  the 
estimates  which  are  pertinent  to  our  analysis: 

1.  The  estimate  of  the  actual  target  center  u  becomes 
normally  distributed  about  the  actual  target  center  u  with 
variance  c2/4mn(2cf-l )  where  f  is  the  ordinate  of  the 
underlying  normal  ballistic  distribution  at  its  median,  n  is 
the  n  level,  and  m  the  number  of  samples  observed  at  each 
level.  For  the  above  relationship  to  hold,  it  is  required 
that  c  be  greater  than 

2.  From  1  above,  then,  the  best  step  size  c  in  terms  of 
asymptotic  convergence  properties  should  be  c=l/f,  giving  a 
minimum  variance  of  l/4mnf  . 

3.  For  the  normal  underlying  distribution  f^r^*^.1  , 
which  leads  to  the  result  that  the  optimum  stip  constant 
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should  be  c=C/2ZT  =  2.506(n  With  this  step  constant  the  var¬ 
iance  of  the  estimate  of  the  target  center  after  n  trials 
and  m  observations  at  each  trial  equals ^T3v2mn. 

4.  Not  using  the  optimum  step  constant  c  but  using 
another  step  constant  c*  has  the  effect  of  multiplying  the 
minimum  asymptotic  variance  by  a  factor  of  r*V(2r-l),  where 
r=c'/c. 

5.  the  distribution  of  the  estimated  target  mean  about 

the  actual  target  center  location,  after  n  trials  and  m 

observations  at  each  trial,  will  tend  to  be  normally 

2—0.2  2 

distributed  N(0,  (2r-l^rim^  where  «  is  the  round  to  round 
variance  fired  at  the  fixed  elevation  corresponding  to  the 
estimated  target  center  location. 

using  results  1  through  5,  the  accuracy  of  the  current 
registration  procedure  can  now  be  analyzed.  A  measure  of 
accuracy  often  used  to  assess  the  capability  of  an  artillery 
procedure  is  the  expression  of  the  expected  absolute  miss 
distance  as  a  function  of  the  probable  error  in  range  (PER). 
For  the  current  registration  procedure  the  parameter  values 
applied  to  the  theoretical  distribution  of  the  estimated 
target  center  location  are,  r  /(2r-l)=1.005,  n=l,  and  m=6, 
where  m  is  the  number  of  rounds  used  to  estimate  the 
corrections  to  be  applied  to  place  the  aim  point  at  the 
target  center  location.  To  see  that  r  /(2r-l)=1.005,  recall 
that  the  step  constant  used  in  the  current  precision  fire 
procedure  is  1  FORK.  1  FORK  =  4  PER;  1  PER  =  0. 67450*  => 

FORK  =  2,70'^  r  =  2.7/2.506  >  r2/(2r-l)  =  1.005,  concluding 
that  for  all  practical  purposes  the  current  procedure 


26 


uses  the  optimum  step  constant.  Reviewing  briefly  the  pro¬ 
cedures  employed  in  the  fire  for  effect  phase,  the  following 
steps  are  taken: 

1.  A  FORK  bracket  is  established 

2.  Three  rounds  are  fired  at  the  mean  of  the  estab¬ 
lished  FORK  bracket. 

3.  Based  on  the  number  of  rounds  which  impacted  over  or 
short  in  2,  two  additional  rounds  are  fired  at  the  appropri¬ 
ate  FORK  bracket  data  which  is  opposite  to  the  preponderance 
of  overs  and  shorts. 

4.  The  "preponderance”  formula  is  applied  to  the  mean 

of  the  i  FORK  bracket  at  which  the  two  groups  of  three 

rounds  were  fired.  The  assumption  is  that  the  two  groups  of 

three  rounds  |  FORK  apart  may  be  treated  as  if  all  six 

rounds  were  actually  fired  at  the  mean  of  the  \  FORK  bracket. 

Treating  the  two  groups  of  three  rounds  as  if  all  six  were 

fired  from  the  mean  of  the  i  FORK  bracket  has  the  effect  of 

increasing  the  round  to  round  variance  by  (PER)  ;  this 

follows  directly  from  the  fact  that  the  mean  of  the  ^  FORK 

bracket  is  1  PER  removed  from  the  aim  points  of  the  two 

groups  of  three  rounds  fired  at  the  ends  cf  the  2  FORK 

2 

bracket.  The  actual  variance  instead  of  being  O'  is  now 
0^+(PER)^.  Recalling  that  .67450'=  PER,  the  effective 
variance  in  terms  of  PER  becomes 

VAReff  =  3.1980  PER2.- 

With  this  effective  variance,  the  variance  of  the  aimpoint 
distribution  after  the  completion  of  firing  is 

VARaim  =  3.1980  PER2  =  0.8372  PER2. 
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The  expected  absolute  miss  distance  can  be  calculated  by 
using  the  relationship  that  E2(  |X|  )  =  (2/jf)V(X)  where 
E2(  |X|  )  is  the  expected  absolute  value  of  X,  squared,  and 
V(X)  is  the  variance  of  X.  The  expected  absolute  miss 
distance  (ABS  MEAN)  in  terms  of  PER  is  then, 

ABS  MEAN  =  /2/7T  (0.9372)  PER2 
=  0.7301  PER. 

Accounting  for  use  of  non-optimal  step  size, 

ABS  MEAN  =  0.7317  PER  for  all  PER. 

The  conclusion  then  is  that  the  mean  absolute  miss  distance 
in  range  achieved  as  a  result  of  the  current  FM  6-40 
procedure  is  0.7317  PER  for  all  PER  fired.  Ref.  17,  conduc¬ 
ted  by  the  Gunnery  Department,  U.S.  Army  Field  Artillery 
School,  calculated  the  absolute  mean  miss  distance  to  be 
0.6558  PER.  A  close  scrutiny  of  the  method  employed  in 
achieving  the  analytical  results  reveals  that  error  may  have 
been  committed  because  of  the  nature  of  discrete  approxima¬ 
tion  used  in  that  study.  Computer  simulation  analysis 
based  on  1000  and  10000  replications  of  the  current  regis¬ 
tration  procedure  using  PER  values  of  7,  13,  20,  27,  and  34, 
gave  a  range  for  the  absolute  mean  miss  distances  of  0.725 
to  0.735  PER. 

In  their  investigation  of  the  Robbins-Monro  technique 
for  the  estimation  of  the  mean  lethal  dose  (LD^q)  of  a  drug, 
Cochran  and  Davis  discuss  the  performance,  of  the  procedure 
if  only  a  small  experimental  sample  size  is  used.  Since  the 
asymptotic  properties  of  the  Robbins-Monro  procedure  (for 
large  n)  are  well  documented  in  literature,  they  wanted  to 
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know  how  well  the  technique  would  work  if  n  were  50  or  less. 
The  questions  they  sought  to  answer,  pertinent  to  the  study 
of  the  precision  fire  procedure  as  described  in  FM  6-40, 
were  the  following: 

1.  Do  the  asymptotic  properties  ascribed  to  the 

Robbins-Monro  procedure  hold  if  the  sample  size  used  is 
small?  In  other  words,  does  the  distribution  of  the  esti¬ 
mate  of  the  mean  about  the  actual  mean  continue  to  behave  as 
though  it  were  normally  distributed  w*1®11  the 

"optimal”  step  constant  is  used  (  C  =  2.506 O')? 

2.  How  sensitive  is  the  asymptotic  behavior  to  the 
selection  of  a  non-optimal  step  constant? 

3.  Given  a  small  experimental  sample  size,  what  pre¬ 
cision  in  the  estimate  of  the  mean  con  one  expect  if  one, 
two,  or  more  samples  are  examined  at  each  level? 

4.  How  sensitive  is  the  accuracy  of  the  estimate  to 
errors  of  the  initial  start  point?  In  other  words,  how  far 
away  from  the  true  mean  can  the  initial  estimate  for  the 
Robbins-Monro  process  be  and  still  continue  to  provide 
accurate  results? 

Although  precise  mathematical  methods  were  employed  by 
Cochran  and  Davis,  the  results  to  be  listed  here  are  based 
on  the  author's  analysis  through  computer  simulations  for 
reasons  already  cited.  Computer  simulations  of  relevant 
applicable  portions  of  the  referenced  study  were  in  agree¬ 
ment.  For  comparison  purposes,  two  procedures  were 
analyzed.  Procedure  #1  (PI),  the  current  FM  6-40  procedure 
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already  described;  procedure  #2  (P2)  using  six  rounds  with 
one  round  considered  at  each  of  the  six  levels. 

A.  EFFECTS  ON  ASYMPTOTIC  CONVERGENCE  OF  SIX  ROUND  SAMPLE 
WITH  OPTIMAL  STEP  CONSTANT 

1.  Procedure  PI 

AVERAGE  ABSOLUTE  MISS  DISTANCE  =  0.730  PER 

PREDICTED  =  0.730  PER 

2.  Procedure  P2 

AVERAGE  ABSOLUTE  MISS  DISTANCE  =  0.620  PER 

PREDICTED  =  0.608  PER 

The  difference  in  magnitude  of  results  between  PI  and  P2 
should  not  be  surprising;  the  effects  of  treating  the  two 
groups  of  three  rounds  fired  1.753  0“  (approx.  |  FORK)  apart 
as  if  six  rounds  were  fired  at  the  mean  of  the  1.753  O' 
bracket  have  been  discussed. 

B.  EFFECTS  OF  USING  A  STEP  CONSTANT  TWICE  THE  OPTIMUM  STEP 
SIZE 

Only  procedure  P2  is  considered. 

AVERAGE  ABSOLUTE  MISS  DISTANCE  =  0.709  PER 

PREDICTED  =  0.699  PER 

As  was  stated,  doubling  the  optimum  step  size  has  the  effect 

of  increasing  the  variance  of  the  estimate  of  the  mean  by 
2 

r  /(2r-l)  where  r  equals  the  ratio  of  step  constant  used  to 
optimum  step  constant.  The  average  absolute  miss  distance 
is  increased  by  r//(2r-l). 
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C.  EFFECTS  OF  USING  ONE  ROUND  AT  SIX  LEVELS  AS  COMPARED  TO 
SIX  ROUNDS  AT  ONE  LEVEL 

Within  a  specified  range  of  starting  values,  no  signif¬ 
icant  difference  exists  between  one  round  and  six  levels, 
or  six  rounds  and  one  level,  provided  the  six  rounds  at  one 
level  are  based  on  a  "true”  group  of  six  rounds  observed 
originated  from  the  same  setting. 

D.  EFFECTS  OF  STARTING  POINT  ON  ACCURACY  OF  1HE  ESTIMATE 

In  the  context  of  this  study,  a  starting  point  may  be 

defined  as  the  initial  estimate  point  at  which  the  computa¬ 
tional  Robbins-Monro  algorithm  begins  to  be  applied.  For 
procedure  PI  the  start  point  corresponds  to  the  mean  of  the 
2  FORK  bracket  at  which  the  two  groups  of  three  rounds  were 
fired;  for  P2  it  is  that  point  corresponding  to  the  first 
round  at  which  the  Robbins-Monro  recursive  formula  is 
applied.  A  "stable  region"  will  be  used  to  describe  the 
range  of  the  starting  points  within  which  the  average  abso¬ 
lute  miss  distance  remains  nearly  constant. 

1.  Procedure  P2 

The  stable  region  for  procedure  P2  using  the  optimum 
step  constant  (C  =  2.5060*)  extended  to  approximately  3.5  PER. 
At  4.5  PER  the  average  absolute  miss  distance  deteriorated 
by  20%,  and  110%  at  6  PER.  Using  a  step  constant  twice  the 
optimum  (C  =  5.O1201)  extended  the  stable  region  to  approxi¬ 
mately  8.5  PER. 

2.  Procedure  PI 

The  stable  region  for  the  current  procedure  was 
relatively  short,  extending  to  2  PER.  Accuracy 
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deteriorated  by  20%  Tor  start  point  at  2.5  PER,  50%  at 
3  HER,  and  200%  at  4.5  PER.  However,  within  the  stable 
region,  unlike  procedure  P2,  PI  showed  some  accuracy  im¬ 
provement  (8%)  at  1.5  PER;  the  slight  improvement  recorded 
is  in  agreement  with  Cochran  and  Davis'  findings  using  six 
samples  at  each  level. 

Of  the  procedures  investigate^  P 2  with  twice  the  optimum 
step  constant  was  by  far  the  most  robust;  the  price  for 
almost  tripling  the  stable  region  by  doubling  the  optimum 
step  constant  is  approximately  a  15%  loss  in  the  estimate  of 
the  actual  target  center  location  in  terms  of  absolute 
average  miss  distance.  PI  is  very  sensitive  to  the  distance 
of  the  utart  point  in  relation  to  the  target  and  deterior¬ 
ates  quite  rapidly  when  start  points  are  more  than  2  PER 
removed. 

Because  of  the  large  biases  observed  when  the  start 
point  is  outside  the  stable  range,  Cochran  and  Davis  sug¬ 
gested  a  modification  to  the  Robbins-Monro  process  in  which 
the  step  constant  remains  equal  to  C  until  both  overs  and 
shorts  are  observed  to  provide  a  high  assurance  that  the 
first  iterative  application  of  the  recursive  formula  is 
within  the  stable  range.  The  current  precision  fire 
procedure  does  precisely  that,  although  in  a  slightly  modi¬ 
fied  form,  to  attain  a  high  probability  of  applying  the 
"preponderance”  formula  within  a  2  PER  range  of  the  true 
target  center  location.  The  "efficiency"  of  the  FM  6-40 
algorithm,  if  no  errors  in  sensing  over  and  short  rounds 
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are  committed,  is  attested  to  by  the  consistency  of  corres¬ 
pondence  of  computer  simulation  test  results  with  those 
theoretically  predicted.  What  perhaps  is  even  more  signifi¬ 
cant,  the  methods  described  for  the  current  precision  fire 
procedure  predate  the  Robbins-Monro  papers  by  10  years,  and 
the  "optimality'’  conditions  described  by  Cochran  and  Davis 
for  practical  applications  of  stochastic  approximation 
theory  for  small  samples  by  22  years.  Unfortunately,  the 
records  of  the  origins  of  the  current  registration  procedure 
(Ref  16)  do  not  contain  a  discussion  of  the  theoretical 
basis.  Additionally,  the  author  has  not  been  successful  in 
his  efforts  in  locating  any  subsequent  theoretical  documen¬ 
tation  for  the  current  procedure,  for  apparently  none  exists. 
The  procedure,  essentially  unchanged  for  32  years,  has  been 
accepted  because  it  "works".  The  reasons  why  the  procedure 
works,  along  with  some  of  its  shortcomings,  have  been 
discussed. 
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IV.  PROPOSED  PRECISION  FT  RE  PROCEDURE  FOR  FORWARD  OBSERVER 


EQUIPPED  ONLY  WITH  FIELD  GLASSES 


A .  GENERAL 

Only  the  basic  essential  rules  for  the  current  FM  6-40 
procedure  have  been  discussed  in  Section  II.  The  procedure 
in  actual  employment  tends  to  be  more  complex  due  to  other 
considerations.  These  considerations  deal  with  target  hit 
treatments,  accounting  oi  all  over  and  short  spots,  and 
verification  of  data  if  a  registration  is  considered  to  be 
suspect.  If  a  target  hit  is  attained  in  the  adjustment 
phase,  the  requirement  for  establishing  a  FORK  bracket  is 
dispensed  with.  If  a  target  hit  occurs  in  establishing  a 
FORK  bracket,  the  establishment  of  a  FORK  bracket  is  no 
longer  required.  If  a  target  hit  is  attained  during  any 
other  portion  of  the  fire  for  effect  phase,  it  is  treated  as 
an  ordinary  round.  In  all  cases,  a  target  hit  is  considered 
as  a  simultaneous  over  and  a  short  round.  The  logic  behind 
dispensing  with  establishment  of  a  FORK  bracket  with  a 
target  hit  is  sound.  If  a  target  hit  is  attained,  the 
probability  that  the  mean  of  the  ballistic  distribution  is 
within  1  FORK  (2.70*),  is  P=0.993,  Because  of  the  critical 
requirement  that  the  mean  of  the  ballistic  distribution,  at 
which  the  "preponderance”  formula  is  applied,  be  within 
2  PER  of  the  actual  target  center  (see  Section  III),  a  regis¬ 
tration  which  gives  a  combination  of  5  and  1  of  over  and 
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short  spots  has  to  bo  treated  as  suspect  and  normally 
requires  "veri fication"  firing  of  additional  rounds.  For 
precise  procedure,  refer  to  Chapter  19,  FM  6-40. 

Because  of  lack  of  understanding  of  the  underlying 
basis  of  the  current  procedure  and  the  "complexities”  of 
special  situations  (based  on  author's -own  field  artillery 
experience),  the  field  user  tends  to  simplify  these  rules. 
For  example,  target  hits  are  being  treated  as  if  two  rounds 
were  fired.  The  "logic"  used  is  that  with  a  target  hit  an 
over  and  a  short  spot  is  attained,  and  is  equivalent  to  two 
fired  rounds;  this  leads  to  inaccuracies  because  the  prepon¬ 
derance  formula  has  a  six  round  base.  Cases  also  arise, 
although  rare,  whore  5  and  1  combinations  of  overs  and 
shorts  are  being  "forced"  into  4  and  2  spot  combinations  to 
avoid  verification.  The  procedure  of  forcing  a  registration 
has  substantial  effects  on  the  accuracy  of  adjusted  data. 
Computer  simulation  results,  based  on  1000  replications  of 
the  current  procedure,  show  that  if  the  spot  of  a  round 
fired  at  the  mean  of  the  FORK  brocket  is  changed,  the 
accuracy  of  the  adjusted  data  in  terms  of  absolute  miss 
distance  will  be  45%  worse  than  if  the  spot  was  not  changed. 
Changing  a  spot  of  the  second  group  of  three  rounds  (  those 
fired  at  either  end  of  the  FORK  bracket)  produced  an  average 
decrement  in  accuracy  of  35%.  The  reason  for  a  greater 
decrement  if  a  spot  at  the  FORK  mean  is  changed  before 
firing  the  second  group  of  two  rounds  should  be  obvious,  for 
these  spots  are  used  to  determine  the  \  FORK  (2FER)  bracket 
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of  the  target.  A  changed  spot  will  move  the  aimpoint  at 
which  the  preponderance  formula  is  applied  outside  the  2  PER 
stable  region  (discussed  in  Section  III)  where  rapid  deter¬ 
ioration  occurs.  A  lesser  effect  on  accuracy  deterioration 
occurs  if  the  spot  of  one  of  the  last  two  rounds  fired  at 
the  appropriate  end  of  the  FORK  bracket  is  changed.  The 
appropriate  |  FORK  (2PER)  bracket  is  established,  but  the 
correction  to  be  applied  by  the  preponderance  formula  is  not 
appropriate.  For  example,  suppose  F0RK=12  mils,  and  that  a 
change  in  elevation  of  1  mil  corresponds  to  10  meters  in 
range.  As  a  result  of  the  registration,  5  overs  and  1  short 
were  recorded,  but  because  of  unwillingness  to  verify  a  5 
and  1  registration  the  last  round  spot  of  over  is  changed  to 
a  short  to  give  a  4  and  2  registration.  The  correction 
which  should  have  been  applied  with  5  overs  and  1  short  is 
(12/24)(l-5)=-2  mils;  with  a  4  and  2  spots  this  correc¬ 
tion  becomes  (12/24)(2-4)=-l  mil.  Changing  a  5  and  1  to  4 
and  2  resulted  in  a  10  meter  error  in  estimating  the  cor¬ 
rections  needed  to  place  the  mean  of  the  ballistic 
distribution  over  the  actual  target  center.  Although  other 
factors  may  be  involved,  the  implications  of  the  practice 
of  changing  a  spot  to  attain  ’’desired”  results  should  be 
clear. 

Based  on  the  author’s  artillery  experiences,  the  ’’field 
modifications”  of  the  current  registration  are  a  direct 
result  of  the  non-intuitive  appeal  of  data  adjustment 
procedure  algorithm  used  in  the  fire  for  effect  phase, 
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along  with  the  accounting  procedures  for  the  over  and  short 
spots  and  the  precise,  often  misunderstood,  procedural  rules 
which  must  be  strictly  adhered  to  if  accuracy  in  adjusted 
data  is  to  be  achieved. 

In  Section  III,  the  author  presented  some  significant 
results  of  using  a  one  round  base  to  determine  the  sequen¬ 
tial  corrections  to  estimate  the  target  center  location. 
These  were: 

1.  Making  a  correction  after  spotting  of  each  round 
extended  the  stable  region  to  3.5  PER  when  the  optimal  step 
constant  is  used. 

2.  Using  a  one  round  base  with  twice  the  optimal  step 
constant  extended  the  stable  range  to  8.5  PER  at  a  cost  of 
15%  reduction  in  accuracy  as  measured  in  terms  of  average 
absolute  miss  distance,  but  equivalent  in  accuracy  to  the 
current  precision  fire  procedure,  and  superior  to  the 
current  FM  6-40  procedure  in  the  size  of  the  stable  region. 
The  stable  region  of  the  current  procedure  was  shown  to  be 
2  PER. 

A  procedure  which  is  based  on  appropriate  sequential 
corrections  to  move  the  impact  to  the  target  after  each 
round  is  fired  should  prove  to  be  less  confusing  and  of 
greater  intuitive  appeal  to  the  field  user  than  the  current 
procedure.  In  addition,  a  precision  fire  procedure  which 
makes  successive  corrections  after  each  round  is  fired 
rather  than  waiting  until  six  rounds  have  been  expended 
would  increase  the  probability  of  achieving  a  target  hit  if 
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used  for  target  destruction,  in  the  sense  that  the  probabil¬ 
ity  of  achieving  a  hit  is  directly  dependant  on  the  round  to 
round  variance  and  the  location  of  the  mean  of  the  bivariate 
normal  ballistic  distribution  in  relation  to  the  true  target 
center. 

B.  1HE  PROPOSED  PRECISION  FIRE  PROCEDURE 

Based  on  the  results  of  analysis  in  Section  III  and  the 
preceding  discussion,  the  one  round  Robbins-Monro  based 
recursive  technique  with  a  FORK  base  is  recommended  for 
precision  fire  procedure. 

1.  Basic  Assumption 

The  basic  underlying  assumption  is  that  the  best 
information  about  round  impacts  one  can  reasonably  expect 
from  a  forward  observer  equipped  only  with  field  glasses  are 
his  primary  quadrant  spottings  of  bursts  in  relation  to  the 
target.  In  other  words,  he  is  only  capable  of  spotting 
accurately  if  a  round  impacted  over,  short,  left  or  right  of 
the  target.  This  assumption  is  the  same  as  for  the  current 
precision  fire  procedure. 

2.  Description  of  the  Procedure 

The  proposed  procedure  is  divided  into  two  phases, 
an  adjustment  and  a  fire  for  effect  phase.  The  adjustment 
phase  is  to  be  conducted  in  the  same  manner  as  for  the  cur¬ 
rent  registration  procedure  by  entering  into  fire  for  effect 
phase  when  a  100  meter  bracket  in  range  is  split.  In  the 
fire  for  effect  phase,  a  correction  is  made  after  each  fire 
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direction  positively  spotted  round  until  the  specified 
number  of  rounds  have  been  fired  for  the  determination  of 
final  adjusted  data. 

a.  The  Fire  For  Effect  Phase  Range  Corrections 
A  correction  for  range  is  applied  after  every 
fire  direction  center  positively  spotted  range  round  (all 
OVER  and  SHORT  spots).  The  correction  is  applied  in 
opposite  direction  of  the  spot;  that  is,  if  the  fire  direc¬ 
tion  range  spot  is  OVER,  the  calculated  correction  is 
subtracted  from  the  quadrant  elevation  at  which  the  round 
giving  an  OVER  spot  was  fired.  In  general  the  recursive 
algorithm  for  calculation  of  corrections  for  range  is: 

CORRECTION  =  (Y) 

(-1  if  FDC  range  spot  is  OVER 
+1  if  FDC  range  spot  is  SHORT 
n  =  the  nth  effective  positively  sensed  range  round 
The  correction  for  first  fire  for  effect  positively  spotted 
range  round  is  to  be  FORK/k  where  k  represents  the  number  of 
rounds  considered  from  the  adjustment  phase,  specifically: 

k  =  1  for  all  FFE  PERs  les^  than  9  meters 

=  2  for  all  FFE  PERs  between  9  and  18  meters 
=  3  for  all  other  PERs 

After  establishing  an  initial  FORK/k  bracket,  k  is  advanced 
by  1  for  each  subsequent  positive  range  round  until  the 
mission  is  terminated. 

(1)  The  Cnoice  of  FORK  as  Recursive  Constant 
FORK,  in  the  manner  used  in  the  recursive 
formula  is  equivalent  to  2.15  CQ,  where  CQ  is  the  optimal 
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step  constant  discussed  in  Section  III.  FORK  was  chosen 
for  two  reasons.  First,  the  stable  range  is  a  little 
greater  than  8.5  PER  permitting  the  use  of  information  which 
is  available  from  the  rounds  fired  in  the  adjustment  phase. 
Secondly,  the  FORK  step  constant,  as  opposed  to  3/4  or  l/2 
FORK,  proved  to  be  less  sensitive  to  observer  errors  in 
judging  whether  a  round  impacted  over  or  short  of  the 
target  when  the  probability  of  such  errors  exceeded  P=0.05. 

(2)  The  Choice  of  k,  the  Effective  Initial  FEE 

Round  Number 

Using  FORK  as  the  recursive  step  constant 
permits  utilizing  information  which  is  available  from  the 
adjustment  phase,  in  particular  those  rounds  used  in  estab¬ 
lishing  and  halving  the  100  meter  bracket.  As  an  example, 
let  us  assume  that  the  fire  for  effect  PER  =  25  meters. 

Since  FORK  =  4  PER,  this  implies  FORK  =  100  meters;  since 
HiR  is  greater  than  18  meters,  k=3.  By  establishing  a  100 
meter  bracket  and  then  making  an  appropriate  50  meter  shift 
to  enter  into  the  fire  for  effect  phase,  in  effect  the 
algorithm  has  already  been  applied  twice,  and  the  next  cor¬ 
rection  to  be  made  should  be  FORK/3.  That  this  decision 
rule  works  for  all  angle  Ts  will  be  shown  in  paragraph  D,5, 
of  this  section. 

(3)  Establishing  the  Initial  FORK/k  Bracket 

Based  on  extensive  computer  simulation 

testing  when  forward  observer  spotting  error  probability 
exceeds  5%,  it  was  found  desirable  to  establish  an  initial 
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FORK/k  bracket  for  PERs  less  than  18  meters.  For  the  sake 
of  uniformity,  FORK/k  bracket  is  retained  for  all  FERs. 

The  additional  cost  in  ammunition  expenditure  for  establish¬ 
ing  the  initial  FORK/k  bracket  averaged  out  to  approximately 
0.5  rounds  more  than  required  by  the  current  procedure  in 
establishing  the  initial  FORK  bracket..  The  figure  0.5 
rounds  is  misleading,  since  the  ammunition  expenditure  for 
the  current  FM  6-40  procedure  is  based  on  the  average  number 
of  rounds  needed  to  attain  adjusted  data  (as  generated  by 
computer  simulation  model)  EXCLUDING  all  5  and  1  registra¬ 
tions.  If  verification  of  5  and  1  registrations  was 
resorted  to  by  considering  additional  rounds,  the  difference 
in  ammunition  expenditures  should  have  been  non-existent. 
Additional  comments  regarding  ammunition  expenditures  will 
be  made  in  part  D  of  this  section. 

b.  Fire  For  Effect  Phase  Range  Corrections  -  User 
Information 

(1)  The  gunners  quadrant  is  to  be  used  for 
setting  quadrant  elevation  for  all  rounds  fired  in  the  fire 
for  effect  phase. 

(2)  All  corrections  are  to  be  computed  to  the 
nearest  0.1  mil. 

(3)  All  quadrant  elevation  settings  will  be  to 
the  nearest  0.1  mil. 

(4)  With  the  exception  of  those  positive  spot¬ 
ted  range  rounds  used  in  establishing  the  initial  bracket, 
no  track  or  accounting  of  previously  attained  positive  range 
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rounds  is  needed.  The  corrections  are  based  STRICTLY  on 
the  spotting  of  the  LAST  round  fired. 

(5)  Target  hit  considerations  are,  if  a  target 
hit  occurs  prior  to  establishing  the  initial  FORK/k  bracket, 
that  bracket  need  not  be  established.  Whenever  a  target  hit 
occurs,  k  is  advanced  by  one;  the  next  round  is  fired  with 
the  same  data  as  the  round  which  was  sensed  to  be  a  target 
hit.  In  other  words,  a  correction  is  not  computed. 

(6)  If  an  FDC  doubtful  range  spot  is  attained, 
k  is  not  advanced  by  one  unit,  but  the  round  is  refired  as 
is  the  practice  with  the  current  procedure.  K  is  advanced 
only  when  a  fire  direction  center  positive  range  round  is 
obtained. 

A  comprehensive  example  of  the  computational 
procedure  applying  the  above  stated  rules  is  presented  in 
Appendix  B. 

c.  Deflection  Corrections 

The  adjusted  deflection  is  derived  in  the  same 
manner  as  for  the  current  procedure  with  following  important 
modifications : 

(1)  A  deflection  is  NOT  considered  correct 
until  the  last  round  in  the  fire  for  effect  phase  has  been 
fired,  even  if  a  two  mil  deflection  bracket  is  split,  a 
target  hit  is  attained,  or  left  and  right  spots  are  obtained 
at  the  same  deflection  settings  or  at  settings  1  mil  apart. 
If  a  deflection  is  determined  to  be  "correct"  using  the 
criteria  for  the  FM  6-40  procedure,  a  1  mil  correction  in 
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deflection  is  to  be  made  for  EACH  subsequent  fire  direction 
center  deviation  spot  until  the  firing  is  completed.  This 
procedure  is  especially  critical  for  target  destruction 
missions,  if  such  targets  are  smaller  than  20  by  20  meters. 

On  the  basis  larget  destruction  simulation  runs,  it  was 
discovered  that  on  occasions  the  mean  of  the  ballistic 
distribution,  as  a  result  of  considering  deflection  correct, 
was  established  excessively  too  far  to  the  left  or  right  of 
the  target,  resulting  in  an  inordinate  number  of  rounds 
(several  hundred)  to  achieve  a  target  hit. If  it  is  deemed  im¬ 
practical  to  apply  1  mil  deflection  corrections  with  each 
positively  spotted  deviation  round,  then  a  rule  to  apply  the 
appropriate  1  mil  deflection  correction  after  two  or  three 
successively  spotted  deviation  rounds  of  the  same  spot 
(either  all  left  or  all  right)  is  recommended. 

(2)  If,  after  completion  of  firing  the  speci¬ 
fied  number  of  positively  spotted  range  rounds  to  compute 
the  adjusted  elevation,  and  consideration  of  all  graze 
bursts  during  the  time  adjustment  portion,  the  "correct” 
deflection  has  not  been  achieved,  consider  the  deflection 
correct.  Simulation  results  showed  that  firing  additional 
rounds  to  achieve  correct  deflection  as  described  in  FM  6-40 
results  in  needless  expenditure  of  ammunition  without  im¬ 
provement  of  adjusted  deflection  data. 

d.  Refinement  of  Adjusted  Range  Data  from  Graze 
Bursts  in  Time  Registration  Portion 

Under  current  doctrine,  information  from  graze 

bursts  (those  bursts  occuring  on  the  surface)  during  the 
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time  registration  portion  are  used  in  instances  when  ad¬ 
justed  deflection  has  not  been  determined;  no  attempt  is 
made  to  use  this  information  to  refine  adjusted  elevation. 
Since  the  elevation  used  to  fire  all  rounds  in  time  regis¬ 
tration  is  the  adjusted  elevation  determined  as  a  result  of 
firing  described  in  (a),  an  appropriate  correction  to  the 
adjusted  elevation  should  be  made  based  on  the  difference  of 
OVER  and  SHORT  graze  bursts  in  accordance  with  the  following 
correction  formula : 

rnnr/ 

CORRECTION  =  (SHORTS-OVERS) 

where  n  corresponds  to  the  last  integer  used  to  compute 
adjusted  elevation  correction,  and  m  is  the  number  of 
positive  range  spots  from  graze  bursts.  Appropriate  fuze 
setting  adjustments  as  a  result  of  this  refinement  should 
not  present  problems, 

C.  INITIAL  CONPARISON  OF  FM  6-40  AND  RECOMMENDED  ROBB  INS - 
MONRO  ONE  ROUND  PROCEDURE 

1.  General 

An  initial  analysis  of  both  competing  procedures  was 
conducted  by  means  of  a  simplified  Monte-Carlo  computer 
simulation.  Documentation  of  computer  program  used  may  be 
found  in  Appendix  E. 

2.  Purpose 

Tne  purpose  of  the  simplified  model,  in  addition  to 
approximating  theoretical  results  which  should  be  achieved 
under  no  error  assumptions,  was  to  isolate  those  forward 
observer  spot  errors  which  may  have  the  greatest  effect 
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upon  the  accuracies  of  the  competing  procedures.  Answers  to 
the  following  question  were  sought:  if  forward  observer 
errors  in  spotting  over  and  short  bursts  occur  with  a 
probability  greater  than  zero  in  any  one  phase  of  the 
precision  registration,  what  effects  do  those  errors  have 
in  the  accuracies  of  determined  adjusted  data  of  both 
procedures? 

3.  Brief  Description  of  Model  and  Assumptions 

a.  Only  the  algorithms  for  estimating  range  correc¬ 
tions  are  used. 

b.  Both  an  adjustment  and  a  fire  for  effect  phase 
are  modeled. 

c.  For  both  procedures,  the  initial  burst  location 
at  the  start  of  each  mission  is  randomly  generated  within 
200  meters  of  the  true  target  center  location. 

d.  Doubtful  range  is  not  modeled. 

e.  No  target  hits  are  possible,  only  a  theoretical 
target  center  is  considered.  This  implies  that  every  burst 
generated  will  be  either  over  or  short  of  the  hypothetical 
target  center. 

f.  All  range  corrections  requested  are  precisely 
given;  that  is,  if  a  correction  of  23.14173  meters  is  called 
for,  that  precise  correction  is  given. 

g.  PER  =  20  is  used  for  both  procedures. 

4.  The  Results 

The  results  to  be  presented  are  based  on  1000 
computer  simulation  replications.  Data  results  are  presen¬ 
ted  in  graphical  form.  The  accuracy  of  the  estimate  of  the 
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true  target  center  after  completion  of  registration  is 
expressed  in  terms  of  the  absolute  miss  distance  in  PER  as 
a  function  of  observer  probability  of  spot  error.  The 
Robbins-Monro  one  round  technique  is  abbreviated  as  RM. 

Round  numbers  associated  with  the  RM  procedure  correspond 
to  the  effective  fire  for  effect  rounds  used  in  determining 
the  adjusted  data.  For  example,  RM-6  is  equivalent  to 
firing  the  same  number  of  fire  for  effect  rounds  as  for  the 
current  FM  6-40  procedure:  RM-3  implies  firing  three  rounds 
less  than  the  current  procedure, 
a.  No  Error  Results 

The  data  from  this  section  are  displayed  as  the 
initial  plots  on  all  graphs.  The  no-error  results  will  be 
compared  to  accuracies  which  should  hove  been  achieved  using 
the  asymptotic  theory  as  developed  in  Section  III.  The 
predicted  results  in  terms  of  expected  absolute  miss  dis¬ 
tance  as  a  function  of  PER  for  the  Robbins-Monro  procedure 
using  a  2  FORK  recursive  step  constant  are  given  by  solving 

the  following  equation:  _ _ 

■EXPECTED  ABSOLUTE  MISS  DISTANCE  =  /  jf-  2r^l  2('n+kj  (76745) 

where:  n  =  the  effective  fire  for  effect  round  number 

k  =  the  number  of  rounds  which  are  used  from  the 
adjustment  phase 

r  =  (step  constant  used)/(optimum  step  constant) 
where  optimum  step  constant  =  2.506 
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For  the  current  FM  6-40  procedure,  the  expected  absolute 
miss  distance  equation  was  developed  in  Section  III  and  is: 
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The  comparative  results  are  as  follows: 


( 1 )  RM-3  Round  Procedure 

PREDICTED  RESULTS  =  0.717  PER 
SIMULATION  RESULTS  =  0.740  PER 


(2)  RM-4  Round  Procedure 
PREDICTED  RESULTS  =  0.664  PER 
SIMULATION  RESULTS  =  0.662  PER 

(3)  RM-6  Round  Procedure 
PREDICTED  RESULTS  =  0.586  PER 
SI  MUTATION  RESULTS  =  0.590  PER 

(4)  FM  6-40  (6  Round  Procedure) 

PREDICTED  RESULTS  =  0.732  PER 
SIMULATION  RESULTS  =  0.730  PER 

Results  from  this  analysis  indicate  that  the  computer 
simulation  parallels  closely  the  results  predicted  by  use  of 
asymptotic  theory  with  exception  of  RM-3  round  procedure 
where  a  difference  of  approximately  3,2%  occurred. 

b.  Effects  of  Observer  Errors  in  Establishing  the 
Initial  Fire  for  Effect  Bracket 

Figure  1  depicts  the  accuracy  attained  if  the 
forward  observer  commits  errors  in  spotting  only  those 
rounds  which  are  used  in  establishing  the  initial  fire  for 
effect  bracket.  For  the  FM  6-40  procedure  this  corresponds 
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Figure  1  -  Effects  of  Errors  in  Establishing  Initial  Fire 
for  Effect  Bracket 
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to  the  FORK  bracket,  and  for  the  RM  the  initial  FORK/k 
bracket.  Results  indicate  that  the  six  round  proposed 
procedure  is  least  affected  by  the  initial  bracket  errors, 
deteriorating  15%  in  accuracy  for  25%  spot  error  probability 
whereas  the  current  procedure  results  deteriorated  approxi¬ 
mately  35%.  The  three  round  version  of  the  proposed 
procedure  appears  to  be  as  accurate  as  the  current  procedure 
in  lower  range  of  spot  error  probability,  but  clearly  super¬ 
ior  when  error  probability  exceeds  12.5%. 

c.  Effects  of  Forward  Observer  Errors  if  Such  Occur 
Only  After  the  Initial  Fire  for  Effect  Bracket  is  Established 

Figure  2  depicts  results  of  the  competing 
procedures  under  the  condition  that  the  observer  spotting 
errors  will  occur  only  on  those  rounds  fired  after  the 
initial  fire  for  effect  bracket  is  achieved.  Results  indi¬ 
cate  that  the  current  procedure,  RM-6,  and  RM-4  deteriorated 
in  accuracy  whereas  RM-3  remained  relatively  unchanged.  The 
greatest  deterioration,  when  compared  to  bracket  error  ef¬ 
fects,  occured  in  RB-6  procedure.  RM-3  round  procedure 
achieved  better  accuracy  than  the  current  procedure  when 
spot  error  probability  exceeded  5%. 

d.  Effects  of  Errors  if  Such  Errors  Occur  Over  the 
Entire  Fire  for  Effect  Phase 

Figure  3  presents  the  results  of  the  competing 
procedures  when  subjected  to  spot  errors  throughout  the  en¬ 
tire  fire  for  effect  phase.  Results  again  indicate  the 
overall  superiority  of  the  proposed  RM-3  round,  4  round  and 
6  round  versions  over  the  current  FM  6-40  procedure. 
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Figure  3  -  Effects  of  Errors  on  all  Fire  for  Effect  Rounds 
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e.  Effects  of  Errors  if  Such  Errors  Occur  Over 
the  Entire  Fire  Mission  to  Include  Both  the  Adjustment  and 
the  Fire  for  Effect  Phases 

Figure  4  indicates  that  all  four  procedures 
deteriorated  rapidly  when  spot  error  probabilities  exceeded 
7.5%.  As  in  previous  error  models,  all  three  proposed 
procedures  showed  significantly  better  abilities  in  esti¬ 
mating  the  true  target  center  at  the  completion  of  the 
registration. 

D.  COMPARISON  OF  FM  6-40  AND  RECOMMENDED  ROBBINS-MONRO  ONE 
ROUND  PRECISION  FIRE  PROCEDURES  THROUGH  COMPUTER  SYSTEMS 
SIMULATION 

1.  General 

The  preceding  quoted  results,  based  on  the  simpli¬ 
fied  model,  clearly  indicated  that  the  proposed  Robbins- 
Monro  type  1  round  technique  was  superior  to  the  current 
FM  6-40  procedure  in  estimating  the  registration  corrections 
needed  to  place  the  mean  of  the  ballistic  distribution  onto 
the  true  target  center.  However,  these  results  could  be 
misleading  due  to  the  simplistic  assumptions  made.  For 
example,  precise  range  corrections  to  the  nearest  fraction 
of  a  meter  are  for  all  practical  purposes  impossible  to 
attain  due  to  fire  control  instrument  setting  limitations. 
Elevation  can  be  set  accurately  to  the  nearest  0.1  mil  when 
the  gunner’s  quadrant  is  employed.  Depending  on  the  ter¬ 
minal  trajectory,  0.1  mils  could  correspond  to  several 
meters.  Additionally,  the  effects  on  the  accuracy  as  a 
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Figure  4  -  Effects  of  Errors  on  oil  Fired  Rounds 
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result  of  employing  an  angle  T  other  than  zero  mils,  as 
well  as  the  effects  of  applying  deflection  corrections,  must 
be  investigated.  To  account  for  systems  and  procedural 
limitations  which  may  exist  in  the  conduct  of  actual  pre¬ 
cision  fire,  and  to  provide  a  more  realistic  insight  into 
the  comparative  accuracies  of  the  current  and  proposed 
precision  fire  procedures,  a  computer  system's  simulation 
program  was  written  and  used. 

2.  Brief  Computer  Program  Description  (For  the  listing 
of  the  computer  programs  employed  in  this  section,  the 
reader  is  referred  to  Appendix  F.) 

The  program  package  consists  of  the  main  program 
and  19  functional  subprogram  routines.  The  main  program 
controls  the  imput  parameters,  (range,  target  size,  target 
orientation,  angle  T,  angle  T  error,  observer  errors,  obser¬ 
ver  target  range,  ammunition  parameters,  etc.),  the  main 
decision  steps  and  computation  of  statistics  of  miss  dist¬ 
ances  and  ammunition  expenditures.  The  functional 
subprograms  perform  the  following  tasks: 

a.  Generate  uniform  U(0,1)  and  normal  N(0,1) 
random  numbers. 

b.  Perform  coordinate  transformations  of  impact 
points  from  the  gun  target  to  the  observer  target  coordinate 
system. 

c.  Determine  the  initial  range  shifts  to  be  used  by 
the  observer  at  the  start  of  each  mission. 

d.  Round  off  all  observer  sensings  and  adjustment 
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phase  fire  direction  center  range  corrections  to  the 
nearest  ten  meters. 

e.  Determine  if  the  observer  spots  the  bursts  as 
OVER,  SHORT,  DOUBTFUL,  LEFT,  or  RIGHT  of  the  target. 

f.  Transform  observer  burst  spottings  into  fire 
direction  center  spottings  of  range  and  deflection. 

g.  Determine  observer  range  errors  used  to  simulate 
observer  estimation  of  range  of  impact  prior  to  selection  of 
initial  shifts  to  use  at  start  of  each  mission. 

h.  Determine  observer  deflection  errors  to  simulate 
estimation  of  burst  deviation  if  observer  is  equipped  with 
field  glasses. 

i.  Determine  the  C-factor  (the  number  of  mils 
needed  to  move  the  mean  of  the  ballistic  distribution  100 
meters  in  range)  to  be  used  to  establish  the  actual  correc¬ 
tion  in  meters  when  elevation  settings  to  nearest  mil  or 
0.1  mils  are  applied  to  howitzer, 

j.  Determine  if  the  adjusted  deflection  has  been 
achieved. 

k.  Determine  the  actual  fire  for  effect  FORK. 

l.  Determine  the  FORK  rounded  to  nearest  even  mil 
value  as  employed  by  the  current  procedure. 

m.  Determine  the  appropriate  rounding  off  of  all 
deviation  corrections  to  nearest  Imil  in  deflection  to 
simulate  howitzer  deflection  setting  limitations. 

n.  Determine  the  appropriate  rounding  off  of  all 
corrections  to  nearest  0.1  mils  in  elevation  to  simulate 
howitzer  elevation  setting  limitations. 
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3.  The  Ammunition  Data  Base 


For  the  purpose  of  this  simulation,  the  ballistic 
input  data  was  obtained  directly  from  Firing  Tables  FT  155- 
AH-2  w/C/2  (Ref.  15)  and  is  applicable  to  the  155  mm 
howitzer,  the  U.S.  Army's  primary  direct  support  artillery 
weapon.  The  ranges,  powder  type  and  charge,  and  associated 
PERs  and  PEDs  used  for  comparative  purposes  are  as  follows: 


charge/powder  type 

RANGE  IN  METERS 

PER 

PED 

5/  green  bag 

2000 

7 

1 

5/  green  bag 

6000 

13 

3 

5/  white  bag 

5500 

20 

3 

6/  white  bag 

8000 

27 

4 

6/  white  bag 

10000 

34 

5 

The  choice  of  these  particular  ammunition  parameters  was 
motivated  by  a  desire  to  attain  a  representative  range  of 
PER  values  available  within  the  firing  tables  (Ref.  15). 

The  data  associated  with  PER  values  of  13,  20,  27  and  34 
correspond  to  quadrant  elevations  ranging  from  260  to  460 
mils  and  consequently  can  be  regarded  as  being  representa¬ 
tive  for  firing  precision  registrations  at  the  indicated 
ranges.  The  quadrant  elevation  associated  with  PER=7 
(elevation=80  mils)  would  rarely  be  selected  for  firing  a 
precision  registration  due  primarily  to  the  resultant  "flat” 
trajectory  achieved  which  tends  to  limit  the  practical 
applicability  of  registration  correction  data  for  engaging 
other  targets  directly.  However,  selection  of  PER=7  set 
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proved  to  be  fortuitous  .in  showing  some  adverse  effects 
upon  the  accuracy  of  the  FM  6-40  registration  procedure 
which  will  be  discussed. 

4.  Assumptions 

a.  Target  Size  and  Target  Hits 

At  the  recommendation  of  the  Review  and  Analysis 
Branch,  the  Gunnery  Department,  Fort  Sill,  Oklahoma  (Ref.  18) 
a  10  by  10  meter  target  is  employed.  Any  computer  generated 
impact  within  the  target  area  is  considered  to  be  target  hit. 

b.  Observer  Target  Range 

The  range  from  the  observer  to  the  target  was 
set  at  2500  meters  for  all  registration  missions  simulated. 
2500  meter  observer  target  range  is  considered  by  this 
author  to  be  average  encountered  in  actuality. 

c.  Probable  Error  in  Range 

The  PER  is  assumed  to  remain  constant  throughout 
the  mission  rather  than  as  a  function  of  the  actual  gun 
target  range.  This  assumption  was  made  for  program  simpli¬ 
city,  and  should  be  considered  reasonable.  Over  the  firing 
table  ranges  employed,  the  input  PER  remained  within  *  1 
meter  of  the  tabulated  "true"  PERs.  For  deflection,  the 
program  input  PED  corresponds  to  the  tabulated  PED. 

d.  Functional  Representation  of  the  C-factor 

For  program  simplicity,  the  C-factor  is  assumed 
to  be  linearly  dependent  on  range.  The  resultant  error  in 

treating  C-factor  linearly  within  1  500  meters  of  true  tar¬ 
get  range  rarely  exceeded  1  meter  and  in  most  instances  was 
much  less. 
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e.  Initial  Impact  Location 

It  is  assumed  that  the  initial  round  for  all 
missions  will  strike  within  an  800  by  400  meter  rectangle 
centered  on  the  true  target  location  with  the  major  axis  of 
the  rectangle  parallel  to  the  gun  target  line.  Within  the 
rectangle,  the  impacts  generated  are  uniformly  distributed 
in  range  *  400  meters  and  deflection  t  200  meters. 

f.  Observer  Spottings  of  Initial  Round  Impact  in 

Range 


For  the  purposes  of  this  simulation  program,  it 
is  assumed  that  the  observer's  ability  in  estimating  the  miss 
distance  in  range  of  any  round  is  directly  proportional  to 
the  actual  miss  distance  of  the  round.  The  observer  esti¬ 
mate  of  range  miss  distance  used  is:  ESTIMATED  MISS  DISTANCE3 
ACTUAL  MISS  DISTANCE  +  P( ACTUAL  MISS  DISTANCE)  where  P  is 
uniformly  distributed  U(0,1).  P  can  also  be  loosely 
interpreted  as  a  percent  error  of  actual  range  miss  distance 
the  observer  will  make,  and  on  the  average  the  error  made  by 
the  observer  will  be  50%.  For  example  if  the  actual  burst 
miss  distance  in  range  were  200  meters,  the  observer  is  just 
as  likely  to  estimate  the  miss  distance  to  be  100  meters  as 
300  meters.  This  range  estimate  is  used  only  on  the 
initial  round  to  simulate  observer  choice  of  the  initial 
range  bracket  for  the  adjustment  phase.  For  example,  if 
the  observer  estimates  the  initial  range  miss  distance  to  be 
150  meters,  the  initial  adjustment  bracket  chosen  would  be 
200  meters. 
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g.  Observer  Spotting  of  Burst  Deviations  in 


Adjustment  Phase 

The  observer  is  capable  of  spotting  burst  devi¬ 
ations  within  5  mils  with  field  glasses  (Ref.  18).  With  an 
observer  target  range  of  2500  meters  this  implies  that  the 
observer  can  spot  the  impact  deviations  within  12.5  meters. 

h.  Observer  Spotting  of  Impacts  Striking  Over, 
Short,  Left  and  Right  of  the  Target 

It  is  assumed  that  the  forward  observer  will 
make  errors  in  spotting  primary  quadrant  location  of  impacts 
with  some  probability,  with  the  probability  of  range  error 
being  greater  than  deviation  error.  The  reader  is  referred 
to  Appendix  A  for  full  discussion  of  observer  spot  capabil¬ 
ity  model  used, 

i.  No  computational  errors  will  be  made  by  the  fire 
direction  center. 

j.  No  excessive  gun  crew  errors  in  setting  the 
appropriate  quadrant  elevation  and  deflection  will  be  made. 
Those  errors  which  occur  in  leveling  of  fire  control  instru¬ 
ment  bubbles  and  errors  in  deflection  sight  alignments  will 
be  discussed  with  results. 

k.  Angle  T  Error 

The  angle  T  error  is  assumed  to  be  normally 
distributed  N(0,66jrf).  A  standard  deviation  of  66  mils  in 
establishing  the  direction  from  the  observer  to  the  target 
may  be  too  excessive,  but  as  will  be  discussed  in  the  results 
section,  such  an  error  had  insignificant  effects  on  achieved 
accuracies. 
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5.  The  Results 


The  results  to  be  discussed  ore  based  on  750  repli¬ 
cations  of  the  system's  simulation  comparison  of  the  FM  6-40 
and  the  proposed  Robbins-Monro  type  1  round  precision 
registration  procedure.  Because  of  the  complexity  and 
length  of  the  computer  program,  750  replications  was  selec¬ 
ted  to  insure  that  computer  CPU  time  remained  less  than 
four  minutes.  Selective  runs  with  2000  replications  pro¬ 
duced  no  significant  change  from  results  attained  at  750 
replications.  For  the  purposes  of  this  comparison,  GUNS  ON 
THE  LEFT  case  is  treated.  This  implies  that  the  angle  T  is 
the  acute  clockwise  angle  as  measured  from  the  observer- 
target  to  the  gun  target  lines,  and  indicates  which  set  of 
tables  to  use  for  conversion  of  forward  observer  primary 
quadrant  burst  spots  to  fire  direction  center  spots. 

Although  the  programs  as  written  are  capable  of  investi¬ 
gating  the  full  range  (0  to  3200  mils)  of  angle  T  values 
for  the  guns  on  the  left  situation,  only  the  10,  200,  400, 
600,  800,  and  1600  mil  generated  data  will  be  presented  and 
discusses.  Although  both  procedures  use  identical  parameter 
inputs,  the  generated  results  are  biased  in  favor  of  the 
current  FM  6-40  registration  procedure  in  the  sense  that  all 
5  and  1  range  spot  registrations  are  eliminated  from  consi¬ 
deration  in  the  statistical  analysis  of  final  results. 
Elimination  of  5  and  1  fire  direction  range  spot  registra¬ 
tions  produces  two  effects.  First,  the  data  for  the  average 
number  of  rounds  needed  to  complete  a  registration  will  be 
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less  than  if  additional  rounds  were  considered  for  verifica¬ 


tion  purposes.  Secondly,  using  only  4  and  2,  or  3  and  3 
range  spot  combinations  provides  a  much  greater  assurance 
that  the  mean  of  the  i  FORK  bracket  at  which  the  "preponder- 
ance"  formula  is  applied  is  well  within  the  2  PER  stable 
range;  in  fact,  from  the  generated  results  it  appears  that 
the  mean  of  the  £  FORK  bracket  is  around  1.5  PER  from  the 
true  target  center  whore  maximum  accuracy  occurs.  For  the 
proposed  procedure,  all  missions  were  considered  to  be  valid 
and  none  were  eliminated  from  consideration, 
a.  Discussion  of  Results 

The  tabulated  results  from  the  comparative 
computer  simulation  of  the  two  procedures  are  presented  in 
Appendix  C.  Only  pertinent  general  findings  will  be  presen¬ 
ted  here.  In  the  discussion,  the  "no  error"  model  refers  to 
Observer  Capability  Model  1  and  the  "error"  model  refers  to 
Observer  Capability  Model  2  as  presented  in  Appendix  A.  The 
current  registration  procedure  is  abbreviated  as  FM  6-40. 

The  Robbins-Monro  type  registration  technique  is  abbreviated 
RM;  the  number  associated  with  RM  refers  to  the  number  of 
fire  direction  center  positive  range  spot  rounds,  (to  in¬ 
clude  the  last  initial  bracketing  round)  used  in  calculating 
the  registration  adjusted  elevation. 

( 1 )  The  "No  Error"  Model  Results 

The  results  for  the  range  component  of  the 
miss  distance  will  be  presented  in  terms  of  average  absolute 
miss  distance  as  a  function  of  actual  reR  used.  The  pooled 
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average  absolute  range  miss  distance  over  all  angle  Ts  for 
the  computer  simulation  will  be  compared  to  those  predicted 
by  the  asymptotic  convergence  theory  discussed  in  Sect.  III. 

(a)  Results  for  PERs  20,  27,  and  34  meters 


PROCEDURE 

PREDICTED 

SIMUI 
|  PER=20  • 

ATI  ON  RESl 
PER=27 

JLTS 

PER=34 

FM  6-40 

.732  PER 

. 704PER 

. 69 7 PER 

. 697PER 

RM3 

. 717PER 

. 732PER 

. 725FER 

.  715PER 

RM4 

. 664PER 

.675  PER 

. 684PER 

. 664PER 

RM5 

.623 PER 

.622 PER 

. 629 PER 

. 617PER 

RM6* 

.5 86 PER 

•  586PER 

.  595FER 

. 5 86 PER 

♦note:  the  six  round  version  is  equivalent  to  like  number 
of  FM  6-40  rounds. 

The  close  agreement  with  theoretically  predicted  results  is 
somewhat  surprising  when  one  considers  that  systems  limita¬ 
tions,  target  hits,  and  various  round  off  rules  were 
employed  within  the  computer  program.  The  better  than 
predicted  showing  of  the  FM  6-40  procedure  (5%)  should  not 
be  viewed  with  alarm,  for  all  5  and  1  range  spot  combina¬ 
tion  registrations  were  eliminated  from  consideration.  This 
elimination  apparently  has  the  effect  of  locating  the  mean 
of  the  iFORK  bracket  at  which  the  "preponderance"  formula  is 
applied  in  a  range  of  1  to  1.5  PER  from  the  true  target 
center  where  maximum  accuracy  is  achieved.  As  was  discussed 
in  Section  III,  an  8%  improvement  in  accuracy  (as  compared 
to  asymptotic  theory  results)  can  be  expected  when  the  mean 
of  the  iFORK  bracket  is  1.5  PER  from  the  true  target  center. 
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(b)  Results  for  PER  =  13  Meters 


PROCEDURE 

PREDICTED 

SIMULATION  RESULTS 

FM  6-40 

. 732PER 

. 704PER 

RM3 

. 784PER 

. 779PER 

RM4 

. 717PER 

.701 PER 

RMS 

.  664FER 

. 647PER 

RM6 

.623 PER 

.602 PER 

The  difference  in  the  predicted  values  for  the  Robbins- 
Monro  1  round  proposed  procedure,  when  compared  to  (a) 
above,  steins  from  the  use  of  1  less  round  from  the  fire  for 
effect  phase  when  PER  is  less  than  18  meters. 

(c)  Results  for  PER  =  7  Meters 


PROCEDURE 

PREDICTED 

SIMULATION  RESULTS 

FM  6-40 

.806 PER 

. 788PER 

RM3 

. 814PER 

.809 PER 

RM4 

. 728PER 

.703 PER 

RMS 

. 665PER 

. 642PER 

RM6 

. 615PER 

, 587PER 

As  was  mentioned  earlier  in  the  discussion,  the  results  for 
PER=7  meters  showed  marked  differences  from  the  other  PER 
values.  This  apparent  contradiction  may  be  explained  when 
a  comparison  is  made  with  the  extracted  tabulated  data  from 
Reference  15.  Table  G  of  that  reference  indicates  that 
PER=7  meters  for  the  gun  target  range  of  2000  meters,  but 
Table  F  of  the  same  reference  gives  the  value  of  FORK  as 
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1  mil  and  the  C-factor  as  4.5  mils.  This  implies  that  the 

recursive  constant  FORK  is  22.2  meters  rather  than  4  PER 

which  is  equivalent  to  28  meters.  Additionally,  since  the 

FORK  value  in  the  tables  is  given  as  1  mil  and  the  current 

procedure  employs  FORK  values  to  nearest  even  mil  (in  this 

case  2  mils  would  be  used),  the  bias  variance  will  be 

o 

greater  than  PER  ;  accounting  for  the  differences,  the  bias 

o 

introduced  would  be  about  (11.1/7  PEI?)  .  Thus,  in  this 
specific  instance  using  an  even  FORK  value  for  the  current 
procedure  had  a  marked  detremental  effect  on  the  accuracy 
of  the  adjusted  registration  data.  Conversely,  the  pro¬ 
posed  procedure  was  favored  in  the  sense  that  the  effective 
step  constant  was  less  than  2 FORK . 

(d)  Accuracy  of  Adjusted  Deflection 

The  adjusted  deflection  for  both  the 
current  and  the  proposed  procedure  were  generally  within 
1-0.5  mils  with  better  adjusted  deflection  achieved  by  the 
recommended  procedure.  It  is  significant  that  the  proposed 
procedure  attained  as  good  or  better  adjusted  deflection; 
this  lends  support  to  the  recommendation  that  deflection 
corrections  should  be  applied  after  every  positive  fire 
direction  center  deflection  spot,  and  that  firing  additional 
rounds  to  achieve  "correct”  deflection  as  prescribed  by 
FM  6-40  results  in  needless  expenditure  of  ammunition 
without  improvement  of  adjusted  deflection  data. 

(2)  The  ”Error”  Model  Results 

Examination  of  the  tabulated  data  results 
found  in  Appendix  C  again  support  the  contention  that  the 
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proposed  procedure  is  superior  in  accuracy  for  determining 
adjusted  registration  data.  No  attempt  will  be  made  here 
at  a  comparison  with  any  theoretically  predicted  results  due 
to  the  extreme  difficulty  which  would  be  encountered  in 
formulating  a  closed  form  mathematical  model  to  account  for 
all  probabalistic  interactions  which  do  occur;  only  general 
comments  will  be  made. 

(a)  Effects  of  Angle  T  on  Adjusted  Range 
Results  from  the  "no  error”  model 
indicate  that  no  appreciable  Angle  T  effects  on  the  adjusted 
range  data  occurred.  With  the  ”error”  model,  this  appears 
to  be  no  longer  true,  particularly  when  examining  Angle  T  = 
600  mils  data;  a  very  marked  deterioration  of  the  FM  6-40 
procedure  occurred  when  compared  to  the  proposed  procedure. 
This  deterioration  may  be  explained  readily  by  considering 
the  nature  of  the  minimal  spot  error  region  which  extends 
20°  on  either  side  of  the  observer  target  line  at  the 
target  (refer  to  Appendix  A).  The  proposed  procedure  makes 
successive  adjustments  in  the  opposite  direction  of  the  range 
spot  which  means  in  essence  that  the  ballistic  mean  is 
continuously  adjusted  toward  the  true  target  center.  Also 
taking  into  consideration  that  simultaneous  deviation  correc¬ 
tions  are  being  applied,  the  proposed  procedure  will  cause 
rounds  to  impact  more  frequently  into  areas  where  the 
observer  appears  to  have  the  best  probability  of  making  the 
correct  spot.  The  current  procedure,  on  the  other  hand, 
requires  that  fire  for  effect  rounds  be  fired  1  FORK  and 
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\  FORK  apart  with  the  result  that  on  most  occasions  the 
deflection  corrections  are  insufficient  to  move  impacts  into 
areas  where  the  observer  is  least  likely  to  make  spot  errors. 
Because  of  the  "cookie  cutter"  type  error  probability  sepa¬ 
ration,  the  results  for  600  mils  definitely  appear  to  be 
biased  in  favor  of  the  proposed  precision  fire  procedure. 

(b)  Effects  of  Angle  T  on  Adjusted 

Deflection 


Due  to  the  nature  of  the  spot  capabil¬ 
ity  model  where  the  probability  of  making  an  incorrect  range 
spot  is  greater  than  for  a  deviation  spot,  the  adjusted 
deflection  error  is  greatest  when  Angle  T  is  1600  mils  as  it 
should  be,  for  in  this  instance  the  observer  range  spots  are 
fire  direction  center  deflection  spots.  As  in  the  "no  error" 
model,  the  proposed  procedure  adjusted  deflection  was  as 
accurate  or  better  than  for  the  current  FM  6-40  procedure. 

(3)  Other  Error  Effects 

(a)  The  Effects  of  Gun  Crew  Errors  in 
Setting  Elevation  and  Deflection  Corrections 

Gun  crew  errors  are  modeled  under  the 
assumption  that  the  errors  in  applying  quadrant  elevation 
would  be  normally  distributed  N(0,0^rror).  For  both  eleva¬ 
tion  and  deflection  setting  errors,  C*error  =  2  mils  was 
investigated.  Although  such  errors  in  deflection  may  be 
reasonable,  they  do  seem  to  this  author  to  be  extreme  for 
elevation  settings,  especially  if  a  gunner’s  quadrant  is 
being  employed  where  even  fractional  mil  errors  will  cause 
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the  leveling  bubble  to  migrate  to  either  end  of  the  leveling 
vial.  The  effects  of  such  errors  on  both  procedures 
appeared  to  be  equal,  with  the  overall  effect  being  as  if 
the  projectile  PER  and  FED  were  increased  by  the  amount  of 
the  error.  For  example,  let  us  assume  that  1  mil  in  eleva¬ 
tion  corresponds  to  5  meters  in  range,  and  that  °^rror  =  2 
mils  and  the  PER  for  that  range  is  equal  to  10  meters. 

Since  the  error  process  is  in  essence  independent  of  the 
fall  of  shot,  the  effective  PER  as  a  result  of  the  error 
process  would  be, 

FER£ff  =  /  (10)^  +  (.6745(10))^  =  12  meters 

Thus  in  effect  the  PER  was  increased  by  approx.  2  meters. 

(b)  The  Effects  of  Angle  T  Errors 
Angle  T  Errors  are  those  errors 
committed  by  the  observer  in  establishing  the  observer 
target  direction.  Errors  with  a  normal  N(0,66mil)  distribu¬ 
tion  had  minimal  effects  on  the  achieved  accuracy  of  either 
procedure,  with  accuracy  deterioration  being  less  than  5%. 
The  results  indicate  that  both  the  current  and  the  proposed 
procedures  were  robust  to  even  large  angle  T  errors. 

E.  TARGET  DESTRUCTION  COMMENTS 

Only  a  limited  number  of  computer  simulation  runs  were 
made  to  simulate  the  number  of  rounds  needed  to  achieve  a 
target  hit  for  the  first  time.  In  all  instances,  the 
proposed  procedure  was  able  to  achieve  a  target  hit  with 
fewer  rounds  (10%  on  the  average)  than  the  current  precision 
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fire  procedure,  lending  support  to  the  hypothesis  that 
making  successive  adjustments  after  each  round,  rather  than 
after  each  group  of  six  rounds,  increases  the  probability  of 
achieving  a  hit.  The  probability  of  obtaining  a  hit  is 
directly  dependent  on  the  location  of  the  mean  of  the 
ballistic  distribution  in  relation  to  .the  target  and  the 
associated  variance  of  the  fall  of  shot  about  that  mean; 
the  closer  the  ballistic  mean  is  to  the  target,  the  greater 
the  probability  of  acheiving  a  hit.  However,  even  if  the 
ballistic  mean  coincided  with  the  actual  target  center  an 
expected  large  number  of  rounds  are  still  required  to 
achieve  a  hit  for  the  first  time.  For  example,  engaging  a 
stationary  target  as  small  as  the  Russian  t-54  tank  (6.5  by 
3.5  meters)  at  a  range  of  8000  meters  with  a  corresponding 
PER  =  27  meters  and  HID  =  4  meters,  would  still  require  on 
the  average  66  rounds  to  obtain  a  hit  provided  that  the 
elevation  and  deflection  corresponding  to  the  ACTUAL  TARGET 
CENTER  has  been  used  throughout  the  mission. 

Although  the  proposed  procedure  on  the  average  achieved 
a  target  hit  with  fewer  rounds  than  the  current  procedure, 
the  time  to  achieve  that  hit  for  both  procedures  is  exces¬ 
sive.  It  appears  to  the  author  that  time  on  the  battlefield 
is  frequently  more  critical  than  the  cost  of  ammunition 
expenditure,  and  as  such  neither  procedure  firing  a  single 
round  at  a  time  is  the  appropriate  means  of  attacking  a 
static  target.  A  better  way  of  engaging  such  targets,  when 
time  to  destruction  is  critical,  would  be  to  fire  the  entire 
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battery  using  the  closed  sheaf  and  make  successive  correc¬ 
tions  in  the  manner  described  for  the  proposed  fire  procedure. 
Although  more  ammunition  may  be  expended,  the  time  to 
attain  destruction  should  be  lessened.  To  see  how  the 
recommended  procedure  may  be  used  in  this  manner,  let  us 
look  at  a  hypothetical  example.  Suppose  a  bridge  needs  to 
be  destroyed  to  impede  an  enemy's  movement.  Suppose  that 
the  time  to  destroy  that  bridge  is  critical  and  that  no 
means  other  than  artillery  fire  is  available  for  this  task. 

A  way  to  accomplish  this  is  to  use  the  base  piece  initially 
to  achieve  the  first  adjusted  elevation  (corresponding  to 
the  precision  fire  registration  adjusted  elevation).  Let  us 
assume  that  the  fire  for  effect  FORK  =  12  mils  and  the 
adjusted  elevation  using  the  base  piece  comes  out  to  be 
320.6  mils  and  that  n,  the  effective  round  number,  is  9. 
Rather  than  continue  firing  with  only  the  base  piece,  the 
entire  battery  in  closed  sheaf  form  is  fired  with  the 
quadrant  elevation  of  320.6.  The  observer  reports  the 
primary  quadrant  location  of  the  six  round  burst  in  relation 
to  the  target.  Let  us  assume  that  as  the  result  of  firing 
the  entire  battery  the  fire  direction  range  spot  of  the  mean 
range  burst  is  OVER,  The  correction  for  the  next  volley 
would  be 

-  FORK/n  =  -12/10  =  -1.2  mils 
and  the  volley  would  be  fired  at  a  quadrant  elevation  of 
319.4  mils,  and  so  on  until  the  desired  effects  are  achieved. 
No  subsequent  corrections  to  the  sheaf  should  be  necessary 
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or  warranted  once  the  initial  corrections  for  the  closed 
sheaf  are  calculated.  One  should  be  aware  that  EACH  volley 
in  closed  sheaf  form  is  being  treated  os  if  a  SINGLE  round 
were  being  fired.  This  procedure  affords  additional 
flexibility  to  the  fire  direction  officer  in  the  sense  that 
he  may  decide  at  any  point  in  the  fire  for  effect  phase  to 
shift  from  the  single  gun  to  battery  adjustment,  a  procedure 
he  can  not  use  with  the  current  FM  6-40  precision  fire 
technique.  If  time  is  not  an  important  element,  but  ammuni¬ 
tion  is,  then,  as  already  mentioned,  the  proposed  procedure 
will  on  the  overage  achieve  a  target  hit  with  fewer  rounds 
than  the  current  procedure. 


70 


v.  PROPOSED  PRECISION  PI  RE  PROCEDURE  FOR  OBSERVER 
EQUIPPED  WITH  LASER  RANGE  FINDER 

A.  GENERAL 

The  introduction  of  the  laser  range  finder  into  the 
artillery  invenlory  provides  the  artillery  observer  with  a 
capability  he  has  not  possessed  previously  -  that  of  accura¬ 
tely  estimating  the  precise  burst  location.  How  should  this 
new  observer  capability  be  employed  in  precision  fire  to 
maximize  the  accuracy  of  registration  correction  data,  and 
also  maximize  the  probability  of  achieving  a  target  destruc¬ 
tion?  A  proposal  currently  being  evaluated  for  precision 
registration,  (Ref.  10),  is  to  use  the  laser  range  finder  to 
conduct  a  center  of  impact  (Cl)  type  of  registration.  A  Cl 
registration  consists  of  firing  several  rounds  (usually  six) 
at  single  fixed  howitzer  quadrant  elevation,  with  the  obser- 
ver  lasing  to  each  burst.  Knowing  the  precise  location  of 
the  observer,  the  fire  direction  center  can  compute  the  grid 
location  of  the  mean  point  of  impact  of  the  rounds  fired. 

The  difference  in  the  calculated  mean  point  of  impact  and 
the  "should  hit"  grid,  give  the  registration  corrections. 

Although  the  Cl  procedure  described  is  simple  in  concept, 
and  dispenses  with  the  requirement  of  having  a  surveyed 
target  point,  it  does  have  several  major  drawbacks: 

1.  The  observer  must  be  precisely  surveyed  relative  to 
the  howitzer  firing  the  registration,  with  directional 
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survey  (the  laser  orienting  azimuth)  being  the  most 
critical  element.  For  example,  if  the  directional  survey  is 
in  error  by  5  mils,  and  the  Cl  registration  is  at  an  obser¬ 
ver  impact  range  of  5000  meters,  the  registration  corrections 
will  be  in  error  by  25  meters. 

2.  The  laser  range  finder  must  be  properly  calibrated 
for  range.  If,  for  example,  the  calibration  error  in  range 
is  10  meters,  the  error  in  the  registration  correction  data 
will  be  10  meters. 

3.  Target  destruction  type  missions  cannot  be  readily 
fired.  Although  after  each  group  of  rounds  a  correction  for 
range  and  deflection  can  be  computed,  such  computations  tend 
to  be  cumbersome  even  with  the  field  artillery  automatic 
data  processing  equipment  (FADAC  and  TACFIRE). 

The  method  which  is  recommended  for  precision  fire  if 
the  observer  is  equipped  with  the  laser  range  finder  is  a 
special  case  of  stochastic  approximation  techniques  first 
discussed  by  Grubbs  (Ref.  8).  A  surveyed  registration 
point  is  required;  but  observer's  location  need  not  be 
surveyed.  The  procedure  is  similar  to  the  one  recommended 
if  the  observer  is  equipped  with  field  glasses,  in  that  an 
appropriate  correction  is  made  for  each  round  fired.  Rather 
than  using  a  recursive  constant  such  as  F0RK/n,  a  fraction 
of  the  actual  miss  distance  of  the  impact  in  relation  to 
the  target  is  used.  The  correction  to  fire  the  second 
round  corresponds  to  the  actual  miss  distance  of  first 
round  reported;  to  fire  the  third  round,  1/2  of  the  second 
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round  miss  distance  is  applied;  for  the  fourth  round  it  is 

1/3  the  miss  distance  of  the  third  round,  and  so  on  until 

the  mission  is  terminated.  Recursively,  the  formula  for 

making  corrections  to  estimate  the  target  center  location 

is,  ! 

Xn+1  =  *n  -  n  <Yn> 

s  t 

where:  X  =  the  n+1*  estimate  of  the  target  center,  or 

n+1 

s  t 

the  data  at  which  the  n+1  round  should  bo 
fired  (either  the  quadrant  elevation  or 
deflection), 

X  =  The  data  at  which  the  last  round  was  fired, 
n 

Y  =  The  actual  miss  distance  of  burst  in  relation 
n 

to  the  target  on  the  gun  target  line, 
n  =  the  last  or  the  n*11  round  fired. 

The  identical  form  of  the  correction  formula  is  used  to 
determine  both  elevation  and  deflection  corrections  for  each 
round  fired.  Fcr  the  remainder  of  this  discussion,  the 
laser  range  finder  recommended  procedure  will  be  referred  to 
as  the  X-BAR  procedure. 

Evans  (Ref.  6)  showed  and  Barr  (Ref,  1)  proved  that  the 
st 

n+1*  computed  correction  for  the  X-BAR  procedure  is  the 
same  as  if  all  n  rounds  were  fired  at  the  data  corresponding 
to  the  mean  of  the  ballistic  distribution  of  the  first  round. 
This  implies  that  the  registration  correction  is  in  essence 
the  difference  between  the  "mean  point  of  impact"  grid  of 
the  n  rounds  fired  (as  if  all  n  rounds  were  fired  at  the 
first  round  quadrant  elevation  setting)  and  the  registration 
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point  surveyed  grid.  An  alternate  interpretation  can  be 
made  also  -  that  the  last  correction  applied  represents  the 
true  target  center  estimate  based  on  the  sample  mean  of  all 
impacts  as  though  all  rounds  were  fired  with  data  corres¬ 
ponding  to  the  previous  target  center  aim  point  estimate. 
This  latter  interpretation  is  of  special  significance  if 
target  destruction  is  desired  since  the  probability  of 
achieving  a  target  hit  is  maximized  if  the  ballistic  distri¬ 
bution  mean  coincides  with  the  true  target  center.  Barr 
(Ref.  1),  Evans  (Ref.  6),  and  Grubbs  (Ref.  8)  presented  the 
following  significant  property  attributes  of  the  X-BAR 
procedure: 

1.  The  successive  corrections  minimize  the  variance  of 
the  estimate  of  the  true  target  center  location  after  each 
round  is  fired. 

2.  The  aimpoints  after  n  rounds  tend  to  be  normally 

2 

distributed  about  the  true  target  center  N(0,^— )  and 

p  , 

../r,  G  deflection  .  .  -—2  .  „ , 

N(0,- - — - )  where  CT  range  is  the  range  component 

o 

variance  and  ^"  deflection  *s  Reflection  component  vari¬ 
ance  of  the  fall  of  shot  along  the  gun  target  line,  directly 
related  to  PER  and  PED  (recall  from  previous  discussion 
that  .6743  <Trango  =  PER  and  .6745  Election  =  PED). 

3.  The  procedure  maximizes  the  conditional  probability 

^  h 

of  achieving  a  hit  on  the  n  round. 

4.  It  minimizes  the  expected  number  of  rounds  required 
to  hit  the  target  for  the  first  time. 

5.  The  last  round  fired  contains  the  information  of 
all  the  previous  rounds  fired.  This  fact  is  of  particular 
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significance  if  the  procedure  is  to  be  computerised  since 
valuable  computer  core  space  is  saved. 

B.  THE  RECOMMENDED  METHOD  OF  USING  THE  X-BAR  PROCEDURE  FOR 
ARTILLERY  PRECISION  FIRE 

1.  Basic  Assumptions 

a.  The  forward  observer  is  equipped  with  the  laser 
range  finder  and  is  capable  of  providing  "accurate”  (subject 
to  some  error)  observer  burst  range  and  azimuth  data  to  the 
fire  direction  center. 

b.  For  a  precision  registration,  a  surveyed  regis¬ 
tration  point  exists. 

2.  The  Procedure 

a.  Unlike  the  precision  fire  methods  discussed  in 
Sections  II,  III,  and  IV,  only  a  fire  for  effect  phase  is 
employed. 

b.  Establishing  the  initial  Base  Range  and  Base 

Azimuth 

The  observer  lases  several  times  to  the  target 
and  reports  the  mean  range  (to  the  nearest  meter)  and 
direction  (to  the  nearest  mil)  to  the  fire  direction  center; 
this  establishes  a  base  range  (BR)  and  a  base  direction  (BA) 
for  computing  subsequent  burst  miss  distances.  Once  the 
base  range  and  direction  are  established,  the  observer  lases 
only  on  impact  bursts. 

c.  Laser  Orienting  Round 

The  base  piece  fires  an  initial  round  corres¬ 
ponding  to  the  grid  location  of  the  registration  point.  The 
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purpose  of  this  round  is  to  provide  genera]  orientation  for 
the  laser  range  finder  for  lasing  of  all  subsequent  bursts, 
d.  Fire  For  Effect  Phase 

For  each  round  fired,  the  observer  reports  to 
the  fire  direction  center  the  lased  range  and  direction  to 
the  burst.  The  fire  direction  center,  using  the  base  range 
and  base  direction  to  the  target  and  the  lased  range  and 
direction  to  the  burst,  computes  the  gun  target  impact 
range  and  deviation  miss  distance.  As  an  example,  let  us 
assume  that  the  observer  is  on  the  gun  target  line,  and  that 
the  base  range  to  the  target  is  3000  meters  (note;  the  base 
range  corresponds  to  the  observer  target  range).  Suppose 
that  lased  range  and  direction  to  burst  reported  to  the  fire 
direction  center  are  3150  meters  and  40  mils.  The  gun  target 
burst  miss  distance  is: 

BURST  RANGE  -  BASE  RANGE  =  3150  -  3000 
RANGE  MISS  DISTANCE  =  +150  meters 

BURST  DIRECTION  -  BASE  DIRECTION  =40-0 
DEVIATION  MISS  DISTANCE  =  40  mils (3000/1 000) 

=  120  meters  right 

If  the  observer  is  not  on  the  gun  target  line,  the  computa¬ 
tions  become  somewhat  more  difficult  since  the  computed 
miss  distances  must  be  translated  from  the  observer  target 
to  the  gun  target  lines.  Two  methods  are  recommended.  If 
the  FADAC  or  TACFIRE  computers  are  available,  they  should 
be  used  since  both  are  currently  programmed  to  perform  such 
translations.  If  computers  are  not  available,  then  the  M-10 
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plotting  board  is  recommended.  Once  the  gun  target  miss 
distance  is  computed,  the  quadrant  elevation  and  deflection 
corrections  to  fire  the  next  round  are  found  by  applying 
the  correction  formula 

CORRECTION  =  l/n(MISS  DISTANCE) 
where  n  represents  the  n**1  positively  lased  round. 

Since  corrections  in  meters  can't  be  applied  directly  to 
howitzer  fire  control  instruments,  they  must  be  converted 
to  the  nearest  .1  mils  for  range  and  nearest  1  mil  for  de¬ 
flection;  both  the  FADAC  and  TACFIRE  programs  make  this 
computation.  For  the  manual  mode,  the  following  procedure 
is  recommended: 

Using  the  firing  table  C-factor,  the  computed 
gun  target  range  miss  distance  is  converted  to  nearest  .1 
mils  and  then  the  correction  formula  applied.  For  example, 
after  firing  the  third  round,  the  gun  target  calculated 
miss  distance  is  45  meters.  Assume  that  the  C-factor  is 
10  mils.  Using  this  C-foctor,  45  meters  converts  to  4.5 
mils.  The  quadrant  elevation  correction  to  be  applied  to 
fire  the  fourth  round  is 

QE  CORRECTION  =  -l/3(4.5  mils) 

=  -1,5  mils. 

If  the  impact  had  been  45  meters  short  the  correction  would 
have  been  +1.5  mils.  The  deflection  corrections  are  made 
in  the  same  manner  except  that  the  mil-range  relationship 
is  used. 

The  final  adjusted  quadrant  elevation  and 
adjusted  deflection  of  an  "n”  round  registration  corresponds 
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to  the  quadrant  elevation  and  deflection  used  to  fire  the 
nx  round  plus  the  corrections  computed  as  if  the  n+1 
round  is  to  be  fired.  If  the  observer  reports  a  target  hit, 
the  next  round  is  fired  at  the  same  data  at  which  the  target 
hit  was  attained.  Since  a  target  hit  is  a  positively  lased 
round,  the  positively  lased  round  number  counter  ("n")  is 
advanced  by  1.  Occasions  will  arise  when  the  observer 
fails  to  attain  a  burst  lasing.  In  such  instances,  the 
round  is  refired  without  advancing  "n",  the  counter  for 
positively  lased  rounds. 

C.  COMPUTER  SYSTEM’S  SIMULATION  OF  THE  X-BAR  PROCEDURE 

1.  General 

The  theoretical  treatment  of  the  X-R\R  procedure  in 
quoted  references  was  conducted  under  the  assumption  that 
precise  corrections  to  miss  distances  could  be  applied. 

Since  system  limitations  do  exist  which  limit  the  precision 
of  correction  settings,  a  computer  simulation  program  of  the 
X-BAR  procedure  incorporating  setting  limitations,  computa¬ 
tional  round-offs  and  various  crew  errors  was  written  and 
employed.  Answers  to  two  primary  questions  were  sought: 
first,  ’’What  accuracies  in  registration  data  can  one  expect 
from  the  X-BAR  procedure?”,  and  secondly  ”How  does  that 
accuracy  compare  with  the  current  FM  6-40  and  the  Robbins- 
Monro  1  round  procedure  discussed  in  Section  IV?”. 

2.  Brief  Computer  Prooram  Description 

For  the  listing  of  the  program,  the  reader  is 
referred  to  Appendix  G.  The  program  package  consists  of  the 
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nuun  program  and  twelve  functional  program  routines.  The 
main  program  controls  the  input  parameters,  the  main 
decision  steps,  and  the  computation  of  statistics  of  miss 
distances  and  ammunition  expenditures.  The  functional 
programs  do  the  following: 

a.  Generate  uniform  U(0,1)  and  normal  N(0,1) 
random  numbers. 

b.  Perform  coordinate  transformations  of  impact 
points  from  the  gun  target  to  the  observer  target  coordin¬ 
ate  systems. 

c.  Round  off  observer  range  measurements  to  the 
nearest  meter  and  direction  measurements  to  the  nearest  mil. 

d.  Determine  the  appropriate  C-factor  to  use. 

f.  Determine  the  appropriate  rounding  off  of  all 
corrections  to  nearest  mil  in  deflection  and  nearest  0.1 
mils  in  elevation  to  simulate  howitzer  elevation  setting 
limitations. 

g.  Determine  and  apply  gun  crew  errors  in  setting 
quadrant  elevation  and  deflection. 

3.  The  Ammunition  Data  Base 

The  ballistic  input  data  is  the  same  as  for  the 
simulation  programs  of  Section  IV. 

4.  Assumptions 

a.  The  assumptions  regarding  target  size  and  target 
hits,  the  constancy  of  PER  and  PED,  the  linearity  of  the 
C-factor  function,  initial  impact  location,  fire  direction 
center  errors,  gun  crew  errors,  and  the  angle  T  errors  are 
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the  same  as  those  for  the  simulations  of  the  Robbins-Monro 
and  the  current  FM  6-40  procedures. 

b.  It  is  assumed  the  observer  will  positively  lase 
every  round.  No  attempt  was  made  to  simulate  missed  rounds. 
Under  the  assumption  of  round  to  round  independence  if  fired 
with  the  same  setting,  the  only  effect  of  not  lasing  a  round 
should  be  to  increase  the  total  number  of  rounds  fired  for 
any  one  mission. 

c.  The  assumption  is  made  that  the  slant  range 
from  the  range  finder  to  the  burst  is  the  same  as  if  both 
the  instrument  and  the  impact  point  were  at  the  same  alti¬ 
tude.  Although  this  assumption  may  be  critical  for  Cl  type 
registration,  this  altitude  differential  is  of  minimal 
significance  in  the  performance  of  the  X~B/\R  procedure.  To 
see  this,  let  us  assume  that  the  observer  target  range  is 
1000  meters,  and  the  altitude  of  the  laser  is  1000  meters 
above  the  impact  point;  let  us  further  assume  that  a  burst 
occurs  50  meters  beyond  the  target,  giving  a  true  horizontal 
laser  to  target  range  of  1050  meters.  Using  the  Cl  proce¬ 
dure  without  adjusting  for  slant  would  produce  a  range  error 
of  420  meters.  Using  the  X-BAR  method  under  the  same 
assumptions  produces  only  a  4  meter  error.  Since  45°  slant 
angles  would  rarely  be  encountered  the  assumption  made 
regarding  insignificance  of  slant  ranges  should  be  consider¬ 
ed  valid. 

5.  The  Results 

The  results  to  be  discussed  are  based  on  750  repli¬ 
cations  of  the  X-BAR  procedure.  750  was  chosen  to  coincide 
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with  the  number  of  simulation  trials  used  to  analyze  the 
FM  0-40  and  the  Robbins-Monro  1  round  procedures  (Section  IV) 
to  provide  a  reasonable  direct  comparison  of  the  relative 
accuracies  of  the  competing  procedures  using  identical 
ballistic  and  angle  T  parameter  inputs.  The  X-BAR  computer 
simulation  results  are  tabulated  in  Appendix  D.  Only  some 
pertinent  general  findings  will  be  presented  in  this 
discussion. 

The  results  will  be  presented  in  two  forms.  For  the 
"no  error”  case  (to  bo  discussed)  the  accuracy  of  the  ad¬ 
justed  range  component  of  the  registration  will  be  presented 
in  terms  of  the  absolute  miss  distance  as  a  function  of  PER. 
This  will  provide  a  standard  measure  for  any  PER  value  which 
may  be  used.  The  "error  model"  (to  be  discussed)  will  be 
presented  in  "normal  form",  that  is,  in  terms  of  the 
standard  deviation  of  the  distribution  of  the  final  adjusted 
registration  aimpoints.  The  adjusted  aimpoints  correspond 
to  the  estimate  of  the  true  target  center  location  at  the 
completion  of  the  registration.  Using  the  "normal  form" 
will  provide  an  easier  means  for  comparison  of  the  generated 
results  with  those  theoretically  predicted  when  laser  error 
processes  are  involved.  The  tabulated  results  in  Appendix  D 
are  presented  both  in  the  "normal  form"  and  in  terms  of  mean 
absolute  miss  distances  expressed  in  meters.  In  the  discus¬ 
sion,  reference  to  the  number  of  rounds  for  the  X-BAR 
procedure  will  be  made;  the  numbers  correspond  to  positive¬ 
ly  lased  rounds  used  in  the  computation  of  registration 
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adjusted  data  and  do  not  include  the  initial  laser  orienting 
round  or  any  missed  (non-lased)  rounds, 
a.  The  No-Error  Results 

It  is  assumed  that  the  observer  is  capable  of 
accurately  lasing  actual  burst  location  to  the  nearest 
meter  in  range  and  the  nearest  mil  in  direction. 

( 1 )  The  Accuracy  of  Adjusted  Range 

The  predicted  results  will  be  based  on  the 
theoretically  quoted  distribution  of  the  aimpoints.  For 
range,  the  predicted  mean  absolute  miss  distance  of  an  Mn” 
round  X-BAR  registration  is 

ABSOLUTE  RANGE  MISS  =  ^  (7^5)" 

The  simulation  results  are  derived  by  pooling  the  mean 
absolute  range  miss  distances  for  all  the  angle  T  values 
investigated.  The  comparison  between  predicted  and  attained 
results  are  as  fellows: 


PER 

#  OF  ROUNDS 

PREDICTED  RESULTS 

SIMULATION  RESULTS 

7 

4 

. 591 PER 

.  570PER 

6 

. 483PER 

.475 PER 

13 

4 

. 591PER 

. 607 PER 

6 

.483 PER 

.499 PER 

20 

4 

.591 PER 

. 5 86 PER 

6 

.483 PER 

. 489PER 

27 

4 

.591 PER 

. 597PER 

6 

. 483  PER 

.483 PER 

34 

4 

.591  PER 

. 579PER 

6 

.48 3 PER 

.481 PER 
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The  close  agreement  with  theoretically  predicted  results  is 
significant  from  the  standpoint  that  the  simulation  accounts 
for  systems  limitations  in  howitzer  elevation  and  deflection 
settings  and  the  rounding  off  of  lased  ranges  to  nearest 
meter  and  azimuths  of  the  bursts  to  nearest  mil.  A  compari¬ 
son  with  the  "no  error"  models  of  Section  IV  shows  that  the 
X-BM1  4  round  registration  data  for  all  PERs  is  as  accurate 
as  the  proposed  Robbins-Monro  6  round  base  registration  and 
more  accurate  than  the  current  FM  6-40  procedure.  This  is 
significant  from  the  ammunition  expenditure  viewpoint;  on 
the  average,  the  FM  6-40  and  the  Robbins-Monro  1  round 
registration  procedures  expended  12  rounds  in  the  adjustment 
and  fire  for  effect  phases  to  achieve  the  registration 
correction  data. 

(2 )  The  Accuracy  of  Adjusted  Deflection 

In  all  instances  the  gun-target  range  mean 
absolute  deviation  error  of  the  adjusted  deflection  was  less 
than  0.5  mils. 

b.  The  Laser  Range  Finder  Error  Results 

The  assumption  is  being  made  that  errors  will  be 
committed  in  lasing  range  and  direction  of  the  burst.  It  is 
further  assumed  that  the  range  and  direction  errors  are 
uniformly  distributed  U(-error,+error)  (Ref.  18).  Three 
error  combinations  were  treated: 

Range  Errors  Azimuth  Errors 

t  10  meters  t  2  mils 

-  20  meters  t  4  mils 

t  40  meters  ±  8  mils 
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Only  the  t'20  meter  range  and  the  t4  mil  azimuth  errors  at 


angle  T  =  10  mils  will  be  discussed  in  terms  of  theoreti¬ 
cally  predicted  results;  for  the  complete  tabulated  results 
the  reader  is  referred  to  Appendix  D. 

The  effect  of  the  laser  error  is  to  increase 
the  apparent  PER  and  PED  by  an  amount  proportional  to  the 
standard  deviation  of  the  lased  error.  The  apparent  stan¬ 
dard  deviation  (  O^pp)  in  range  instead  of  being  PER/.C745 

is  now,  =  /  (_PEJL)2  ♦  IjO 

aPP  /  '  .  6745 '  12 


and  the  effective  probable  error  in  range,  67450^ pp. 

From  this  it  follows  that  the  estimates  of  the  true  target 
center  after  an  n-round  X-BAR  registration  should  be  nor¬ 
mally  distributed  N(0,~^^)  in  range.  The  same  logic  may  be 
applied  to  attain  the  aim  point  distribution  of  the  devia¬ 
tion  component.  At  this  point  it  should  be  noted  that  the 
above  development  of  the  apparent  range  standard  deviation 
was  derived  under  the  assumption  that  the  observer  was 
located  on  the  gun-target  lino.  For  Angle  Ts  greater  than 
zero  mils  the  ^pp  computations  tend  to  be  somewhat  more 
complicated  and  one  must  resort  to  trigonometric  methods  to 
compute  the  gun-target  effective  error  distribution. 

( 1 )  The  Accuracy  of  Adjusted  Ranoe 

As  with  the  "no  error”  model,  the  simula¬ 
tion  results  closely  parallel  those  theoretically  predicted. 
The  results  presented  in  normal  form  are  as  follows: 
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PER 

NUMBER  OF  ROUNDS 

PREDICTED  0* 

SIMULATION  O' 

7 

4 

7.76 

7.71 

6 

6.07 

6.03 

13 

4 

11.23 

11.49 

6 

9.17 

9.39 

20 

4 

15.91 

16. 13 

6 

12.99 

12.91 

27 

4 

20.83 

20.78 

6 

17.00 

17.11 

34 

4 

25.86 

26.16 

6 

21.11 

21.22 

note:  to  obtain  the  mean  absolute  miss  distance  in  range, 

the  reader  should  mul  ti ply  O’  by  0.8. 


(2)  The  Accuracy  Of  Adjusted  Defection 

As  the  laser  range  finder  error  distribu¬ 
tion  parameters  increased,  the  accuracy  of  the  adjusted 
deflection  deteriorated.  With  the  maximum  error  distribu- 
tion,  (range  error  =  t40  meters  and  azimuth  error  =  i’S  mils) 
the  mean  absolute  adjusted  deflection  ivas  within  1.5  mils  of 
true  deflection  for  all  but  PER=7  meter  data.  For  the  4 
round  X-BAR  registration  (PER=7)  simulated  at  Angle  T  =  1000 
mils  the  mean  absolute  adjusted  deflection  was  4.3  mils 
(8.6  meters)  in  error.  This  should  not  be  surprising  in 
view  of  the  large  laser  range  finder  error  being  introduced. 
At  Angle  T  —  1600  mils,  the  effective  PliO  instead  of  being 
1  meter  is  15.6  meters. 
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( 3 )  A  Comparison  of  X-BAR,  FM  6-40  and  the; 
Proposed  Rohbi  im-Monrn  1  Round  Roni  strnlion  Procedures 

A  comparison  of  the?  relative  accuracies  of 
the  "no  error"  FM  6-40,  the  proposed  Robbins-Monro  6  round 
equivalent  and  the  "error"  model  X-BAR  6  round  registration 
is  presented.  The  measure  of  accuracy  used  is  the  radial 
error  in  meters  of  the  estimate  of  the  true  target  center  at 
the  completion  of  the  registration.  The  data  was  extracted 
from  Appendix  C  and  Appendix  D.  The  error  model  associated 
with  the  X-BAR  procedure  assumes  the  distribution  of  laser 
ranging  as  being  U(?20  meters)  in  range  and  U(±4  mils)  in 
azimuth.  The  error  corresponds  to  the  upper  bound  of 
lasing  errors  as  recommended  by  the  Review  and  Analysis 
Branch  of  the  Gunnery  Department,  Fort  Sill,  Oklahoma 
(Ref.  10). 
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The  preceding  tabulated  results  clearly  indicate  the 
superiority  of  the  X-BAR  procedure  in  achieving  greater 
registration  accuracies  with  approximately  one  half  the 
ammunition  expenditure  needed  by  both  the  current  FM  6-40 
and  the  proposed  Robbins-Monro  1  round  successive  adjustment 
registration  techniques. 

c.  Other  Error  Effects 

( 1 )  The  Effects  of  Gun  Crow  Errors  in  Setting 
Elevation  and  Deflection  Corrections 

As  is  Section  IV,  gun  crew  errors  were 
modeled  under  the  assumption  that  the  error  in  applying 
elevation  and  deflection  settings  would  be  normally  distri¬ 
buted  N (0, 2mi Is).  The  effect  of  such  errors  is  to  increase 
the  apparent  PER  and  PED;  this  was  discussed  in  Section  IV. 
Such  errors  had  an  insignificant  effect  on  the  achieved 
accuracy. 

(2 )  Effect  of  Angle  T  Errors 

The  Angle  T  error  was  modeled  under  the 
assumption  that  the  error  in  establishing  the  direction  to 
the  target  would  be  normally  distributed  N(0,66mils).  Al¬ 
though  such  errors  appear  to  be  excessive,  they  may  be 
encountered  if  the  observer  location  is  not  surveyed  and  the 
observer  had  to  resort  to  the  M-2  compass  to  establish  the 
initial  direction  to  the  registration  point.  As  shown  in 
the  tabulated  results  which  follow,  such  an  error  had 
insignificant  effect  on  the  accuracy  of  the  registration. 

The  X-BAR  6  round  angle  T  error  and  the  no  error  model  for 
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llili  =  27  motor  data  will  bo  compared  at  Angle  T  =  10,  800 
and  ]  600  mils. 


ANGLE  T 

ANGI  E  T 
ERROR 

MEAN  ABSOLUTE  RANGE 
ERROR  IN  ME TENS 

MEAN  ABSOLUTE  DEVIA¬ 
TION  ERROR  IN  METERS 

10/rf 

0i4 

1 2 .  t;« 

3.37 

Oojri 

13.59 

4.40 

BOOjrf 

Ojrf 

13.43 

3.37 

0(^1 

1  3. 78 

4.54 

1 600/\ 

0|rf 

12.73 

3.37 

13.42 

4.  02 

Tho  insensitivity  of  the  X-BAR  procedure;  to  largo  Angle  T 
errors  should  not  be  surprising  since  all  corrections  are 
made  with  the;  registration  point  as  the  reference  rather 
than  the  observer’s  position.  Such  an  error  on  the  Cl 
registration  currently  proposed  for  observers  equipped  with 
the  laser  range  finder  fired  at  an  observer-impact  range  of 
2500  meters  would  result  in  a  mean  absolute  error  of  130 
meters  in  the  registration  correction  data. 

( 3 )  Effects  of  Laser  Range  Calibration  Errors 
It  is  assumed  that  the  laser  range  errors 
in  measuring  the  true  observer  to  burst  range  could  occur  if 
the  laser  range  finder  is  not  properly  calibrated;  it  is 
further  assumed  that  such  an  error  would  remain  constant  for 
the  entire  precision  fire  mission  to  include  establishing 
the  base  range.  Because  all  corrections  are  mode  with  the 
registration  point  ns  the  reference,  no  error  in  the  regis¬ 
tration  data  will  bo  made.  As  previously  cited,  for  a  Cl 
registration,  the  corrections  would  be  off  by  amount  of  the 
calibration  error. 
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(4 )  The  Effects  of  Errors  in  Establishing  tho 
Observer  Location 

The  reference  is  made  to  those  errors  which 
result  from  errors  in  survey  or  errors  of  observer  estimate 
of  his  true  location  from  a  map  spot  inspection.  The  X-BAR 
procedure  is  insensitive  to  such  errors  due  to  previously 
cited  reasons;  all  corrections  are  made  with  reference  to 
the  target  center  location  and  not  with  respect  to  the 
observer  location. 

(5  )  The  Effects  of  llrrors  in  Establishing  the 
Initial  Base  Panne 

Due  to  various  factors,  it  may  be  reason¬ 
able  to  assume  that  a  small  error  may  be  made  when  lasing 
to  the  target  to  establish  the  base  range  used  by  the  fire 
direction  center  to  compute  subsequent  firing  corrections. 
The  registration  corrections  in  this  instance  will  be  in 
error  by  the  amount  of  the  base  range  error.  To  minimize 
this  bias,  the  author  recommended  in  paragraph  B,2,b,  of 
this  section  that  several  lasings  to  the  target  be  made  and 
the  mean  reading  be  used  to  establish  the  base  range. 

D.  TARGET  DESTRUCTION  COMMENTS 

Under  the  conditions  assumed  for  conducting  precision 
fire  firing  one  round  at  a  time,  there  is  no  other  statis¬ 
tical  sampling  procedure  which  will  provide  greater 
probability  of  achieving  a  target  hit  than  the  X-BAR  proce¬ 
dure.  The  following  important  theoretical  results  are 
requoted: 
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1.  The  procedure  minimizes  the  expected  number  of 
rounds  required  to  hit  the  target  for  the  first  time. 

2.  The  procedure  maximizes  the  conditional  proba- 

J.U 

bility  of  achieving  a  hit  on  the  nin  round  fired. 

However,  as  was  noted  in  Section  IV,  making  successive 
corrections  after  firing  each  round  may  not  be  the  appropri¬ 
ate  method  to  attack  a  static  target  if  time  to  destroy  that 
target  is  more  critical  than  the  number  of  rounds  expended. 
In  such  an  instance  it  may  be  more  advantageous  to  fire  the 
entire  battery  in  closed  sheaf  form;  the  exact  method  to 
use  to  make  successive  corrections  after  each  volley  is 
fired  should  be  investigated.  One  procedure  this  author 
recommends  is  to  use  the  X-B/\R  registration  procedure  firing 
the  base  howitzer  1  round  at  a  time  for  a  specified  number 
of  rounds  (soy  4)  and  then  switch  to  the  Robbins-Monro 
volley  adjustment  technique  described  in  Section  IV  using 
an  appropriate  recursive  constant.  For  example,  the  proba¬ 
bility  that  on  the  average  the  adjusted  aimpoint  will  be 
within  1  PER  in  range  of  the  true  target  center  after  a  4 
round  X-B/VR  procedure  is  84%,  which  suggests  that  the 
recursive  constant  ^FORK  or  less  may  be  used. 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 

1.  If  the  assumption  is  accepted  that  in  precision  fire 
primary  quadrant  spots  in  relation  to  actual  target  location 
is  the  best  information  about  bursts  that  can  be  expected 
from  an  observer,  then  this  study  clearly  shows  (both  ana¬ 
lytically  and  through  computer  simulation)  that  the 
proposed  Robbins-Monro  adjustment  technique  is  superior  to 
the  FM  6-40  precision  fire  procedure  in  the  following 
respects : 

a.  The  procedure  should  have  greater  intuitive 
appeal  in  that  successive  adjustments  are  made  toward  the 
target  after  each  round  is  fired. 

b.  The  successive  correction  algorithm  is  easy  to 
remember  and  the  decision  rules  for  specific  situations 
are  less  complicated  than  for  the  current  FM  6-40  registra¬ 
tion  procedure.  This  will  make  training  of  fire  direction 
personnel  easier. 

c.  Information  from  the  rounds  fired  in  the 
adjustment  phase  can  be  used  for  all  fire  for  effect  PERs 
greater  than  9  meters. 

d.  Information  from  graze  bursts  of  time  registra¬ 
tion  phase  can  be  used  to  refine  adjusted  elevation  data  to 
provide  greater  accuracy  of  the  estimate  of  the  true  regis¬ 
tration'  point  location. 


91 


e.  The  procedure  was  shown  to  be  less  sensitive  to 
observer  spot  errors. 

f.  The  fire  direction  officer  is  not  bound  to  fire 
a  specific  number  of  fire  direction  center  positively 
spotted  rounds;  the  number  of  rounds  to  fire  to  attain 
registration  corrections  is  now  dependent  on  the  desired 
accuracy  of  registration  data. 

g.  In  most  instances,  firing  three  fewer  rounds 
than  for  the  current  registration  procedure  produced  equi¬ 
valent  accuracy  results. 

h.  In  a  target  destruction  mission,  the  proposed 
procedure  will  on  the  average  achieve  a  target  hit  with 
fewer  rounds  expended. 

i.  The  procedure  can  be  adapted  to  fire  a  closed 
sheaf  destruction  mission  if  time  to  destroy  the  target 
outweighs  ammunition  expenditure, 

2.  If  the  forward  observer  is  equipped  with  the  loser 
range  finder  and  a  surveyed  registration  point  exists,  then 
the  X-BAR  registration  is  recommended  over  all  other  proce¬ 
dures  to  include  the  currently  proposed  laser  range  finder 
center  of  impact  (Cl)  (undergoing  field  evaluation)  proce¬ 
dure  for  the  following  reasons: 

a.  The  successive  corrections  minimize  the  variance 
of  the  estimate  of  the  true  target  center  location  after 
each  round  is  fired. 

b.  It  maximizes  the  conditional  probability  of 
achieving  a  hit  on  the  nth  round. 
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c.  The  procedure  was  found  to  be  generally  Insensi¬ 
tive  to  the  following  errors: 

(1)  Angle  T  errors 

(2)  Slant  range  errors 

(3)  Laser  calibration  errors 

(4)  Observer  location  errors 

(5)  Minor  gun  crew  errors 

(6)  "Reasonable”  observer  lasing  errors,  pro¬ 
vided  such  errors  wore  within  140  meters  in  range  and  +8 
mils  in  azimuth. 

The  author  does  see  situations  where  the  Cl  regis¬ 
tration  would  be  used.  Situations  will  arise  where  surveyed 
registration  points  are  non-existent;  in  such  instances  the 
Cl  registration  either  by  flash  base,  radar  or  laser  range 
finder  methods  must  be  resorted  to. 

3.  At  this  point  a  "myth"  regarding  the  FM  6-40  proce¬ 
dure  should  be  dispelled.  A  figure  quoted  by  the  Gunnery 
Department,  Fort  Sill,  Oklahoma  (Ref.  17  and  Ref.  19)  is 
that  the  current  registration  procedure  provides  a  90% 
assurance  that  on  the  average  the  registration  correction 
data  will  be  within  1  PER  of  the  true  registration  point. 
This  figure  is  certainly  true  for  the  "no  error"  6  round 
Center  of  Impact  and  the  6  round  X-BAR  procedure,  but  not 
for  the  FM  6-40  registration.  The  appropriate  figure  is 
72%.  The  percentage  was  derived  by  using  the  theoretically 
developed  standard  deviation  of  adjusted  range  at  the  com¬ 
pletion  of  a  registration  and  applying  the  "Z-statistic" 
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=  72%,  where  TC  refers  to  true  target  center  and  EC  is  the 
registration  estimate  of  true  target  center.  For  the 
proposed  Robbins-Monro  procedure  this  "probability”  is  75% 
if  no  rounds  are  considered  from  the  adjustment  phase,  and 
83%  for  all  registrations  with  fire  for  effect  PERs  greater 
than  18  meters. 


B.  RECOMMENDATIONS 

The  following  recommendations  are  made: 

1.  That  the  field  artillery  adopt  the  proposed  Robbins- 
Monro  and  the  X-BAR  precision  fire  procedures  as  the 
"standard"  field  artillery  precision  fire  techniques,  with 
the  Robbins-Monro  technique  used  only  in  instances  when  the 
observer  is  not  equipped  with  the  laser  range  finder. 

2.  That  pertinent  portions  of  Chapter  3  of  Field  Manual 
FM  6-40  (Ref.  14)  be  amended  to  reflect  the  theoretical 
accuracies  developed  in  this  study. 

3.  That  the  field  artillery  consider  adopting  the 
"closed  sheaf"  volley  fire  destruction  technique. 

4.  That  experiments  in  observer  spot  capabilities  be 
conducted  to  investigate  two  distinct  observer  error  proces¬ 
ses: 

a.  The  error  probabilities  of  spotting  the  primary 
quadrant  location  of  burst;  that  is,  the  spottings  of  OVERs, 
SHORTs,  LEFTs  and  RIGHTS.  If  it  is  discovered  that  the 
probability  of  making  a  spot  error  is  less  than  5%  then  the 
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recursive  constant  for  the  Robbins- Monro  technique  could 
be  reduced  to  \  FORK  to  achieve  even  greater  accuracies. 

b.  The  observer  abilities  to  estimate  distances 
of  bursts  which  are  in  close  proximity  of  targets  (0-200 
meters)  at  various  observer  target  ranges.  If  as  a  result 
of  this  experiment  it  is  found  that  the  observer  errors  in 
estimating  miss  distances  is  on  the  order  of  modeled 
assumptions  made  in  paragraph  D,4  of  Section  IV,  then  the 
X-BAR  procedure  using  observer  field  glass  estimates  of  miss 
distances  to  compute  registration  corrections  should  provide 
greater  accuracies  of  adjusted  registration  data  than  the 
proposed  Robbins-Monro  technique  for  the  same  cost  in 
ammunition  expenditure.  This  is  based  on  the  author’s 
computer  simulation  results  using  the  referenced  observer 
error  function.  The  data  is  not  presented  in  this  thesis 
because  no  assurance  exists  that  the  assumed  error  function 
may  be  reasonable. 
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APPENDIX  A:  FORWARD  OBSERVER  SPOT  CAPABILITY  MODELS 


For  the  purposes  of  simulation  comparisons  of  the 
current  FM  6-40  procedure  and  the  Robbins-Monro  type  1  round 
procedure,  two  observer  spot  capability  models  are  employed. 

1.  Spot  Capability  Model  1.  The  no  error  model. 


t 

Observer  Target  Line 

NO  ERROR  MODEL 


The  following  assumptions  regarding  the  no  error  model  are 
made : 

a.  A  generated  impact  falling  within  the  10  by  10 
rectangle  (C)  is  reported  as  a  target  hit. 

b.  An  impact  occurring  in  region  B  is  reported  as 
a  doubtful  spot  -  in  other  words,  the  observer  is  unable  to 
differentiate  if  burst  occurred  short  or  over.  The  doubtful 
region  is  approximated  by  a  cone  whose  central  angle  is  40° 
in  manner  shown  in  figure  above. 
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c.  A  round  landing  within  region  A  is  reported  as 

a  line  shot.  Again  the  forward  observer  is  unable  to  ascer¬ 
tain  if  the  actual  impact  was  to  the  left  or  right  of  the 
actual  target  center. 

d.  A  burst  occurring  in  all  other  regions  is  repor¬ 
ted  correctly.  For  example,  if  a  round  impacts  in  region 
d\  the  forward  observer  always  spots  it  as  OVER-RIGHT. 


THE  ERROR  MODEL 

The  following  assumptions  regarding  the  error  model  are  made: 

a.  A  burst  in  region  C  will  be  reported  as  a  target 

hit. 

b.  An  impact  in  region  L  will  be  called  a  line  shot. 

c.  The  observer  will  on  the  average  make  a  2%  error 
in  spatting  the  deviation  of  a  burst,  regardless  of  burst 
location  in  relation  to  the  target. 
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d.  Range  Spot  Errors 

(1)  Region  A  -  the  maximum  accuracy  region. 

Any  impact  within  region  A  will  be  spotted  erroneously  2% 

of  the  time.  In  other  words,  2%  of  the  time  an  OVER  will  be 
sensed  as  impacting  SHORT. 

(2)  Region  B  -  the  maximum  error  region. 

(a)  Of  all  rounds  impacting  within  region 
B,  33%  will  be  spotted  as  doubtful  range. 

(b)  Of  the  rounds  not  spotted  as  doubtful 
range  an  incorrect  spot  probability  will  occur.  Error  pro¬ 
babilities  of  5%  and  25%  for  OVER  and  SHORT  bursts  were 
investigated. 

e.  Discussion  of  Assumptions  for  Model  2 

(1)  The  most  controversial  aspect  of  the  model 
is  probably  the  shape  and  the  extent  of  the  maximum  accuracy 
region.  No  one  seems  to  know  or  has  documented  attempts  to 
ascertain  this  facet  of  observer  capability.  The  only  ref¬ 
erence  available  dealt  with  investigating  the  accuracy  of 
mortar  observers  in  directing  high  angle  spotting  rounds  to 
targets  of  unknown  range  (Ref. 7  ).  The  limited  experiment 
suggests  that  perhaps  the  sure  region  may  in  fact  be 
narrower  than  modeled. 

(2)  "Cookie  Cutter"  probability  separation 
between  max  and  min  error  regions  is  not  an  accurate  repre¬ 
sentation,  for  error  probability  distributions  would  be 
bivariate.  It  is  unlikely  that  a  round  impacting  far  short 
or  over  would  ever  be  called  doubtful. 
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The  author  does  not  claim  that  Model  1  or  Model  2  may 
be  the  valid  one  to  use.  Unfortunately,  apparently  no  one 
has  seen  the  need  to  invest  in  conducting  observer  capabil¬ 
ity  experiments  to  precisely  ascertain  what  the  magnitudes 
of  observer  errors  in  spotting  quadrant  location  of  bursts 
are. 
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APPENDIX  B:  SAMPLE  COMPUTATIONS  OF  A  PRECISION  REGISTRATION 
USING  THE  ROBBINS -MONRO  PROPOSED  TECHNIQUE  WITH 
FORK  RECURSIVE  CONSTANT 

The  purpose  of  this  appendix  is  to  show  how  the  proposed 
Robbi ns-Monro  technique  is  used  to  compute  the  adjusted 
quadrant  elevation  of  a  hypothetical  precision  registration. 
The  example  will  treat  most  of  the  decision  steps  which  may 
arise  as  a  result  of  firing.  A  hypothetical  computation 
form  will  be  presented;  the  numbered  comments  appearing 
after  the  form  are  keyed  to  the  circled  numbers  appearing  in 
the  table. 
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1.  When  the  observer  splits  a  100  meter  bracket  and 
thus  enters  into  the  fire  for  effect  phase,  the  value  of 
FORK  and  PER  are  extracted  from  the  firing  tables.  The 
initial  iteration  number  MNM  is  established  and  is  based  on 
the  value  of  PER.  In  the  example  presented,  since  the  PER 
is  greater  than  18  meters,  the  initial  value  of  N  is  3. 

2.  The  first  round  in  the  fire  for  effect  phase  resul¬ 
ted  in  an  OVER  observer  spot.  Since  the  Angle  T  =  0  mils, 
the  fire  direction  center  range  spot  is  also  OVER.  FDC 
applies  an  opposite  elevation  correction  based  on  the  initial 
FORK/N  value  and  continues  to  apply  this  correction  to  all 
FDC  positive  range  spots  till  the  initial  FORK/N  bracket  is 
achieved. 

3.  In  (2)  the  initial  FORK/N  bracket  was  not  attained; 
the  previous  FORK/N  correction  is  applied  until  the  bracket 
is  established. 

4.  After  the  initial  FORK/N  bracket  has  been  achieved, 

N  is  advanced  by  1  each  time  an  FDC  range  spot  is  attained. 
In  the  example  the  value  of  N  is  now  4,  FORK/N  is  computed 
using  the  new  value  of  N  and  applied  appropriately  to  the 
previous  elevation  fired. 

5.  As  a  result  of  applying  correction  in  (4)  a  doubtful 
FDC  range  spot  has  been  attained.  The  round  is  refired 
using  same  data  as  for  last  round.  N  is  NOT  advanced  by  1; 

N  is  advanced  ONLY  after  attainment  of  an  FDC  positive  range 
spot . 

6.  The  correction  applied  in  this  step  resulted  in  a 
target  hit. 
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7.  A  TARGET  hit  is  a  'neutral'  FDC  positive  range  spot; 
N  is  advanced  by  1  (N=6  now).  NO  correction  to  data  is 
applied,  the  same  elevation  os  for  the  previous  round  is 
used.  The  only  difference  in  handling  a  DOUBTFUL  and 
TARGET  spot  is  that  N  is  NOT  advanced  after  a  DOUBTFUL  but 
is  after  a  TARGET. 

8.  Based  on  the  corrections  applied  in  this  step,  the 
equivalent  number  of  FDC  positive  range  spot  usable  rounds 
as  for  the  FM  6-40  procedure  have  been  attained  (6  positive 
sensed  rounds)  and  the  mission  is  terminated. 

9.  The  computation  of  adjusted  elevation  is  accomplish¬ 
ed  by  advancing  N  by  1  (N=9)  and  applying  the  FORK/N 
correction  appropriately  based  on  the  last  FDC  positive 
range  spot  round.  This  step  completes  the  computational 
portion  for  determining  the  adjusted  elevation  of  the  pre¬ 
cision  registration. 
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APPENDIX  C:  TABUIjATED  RESULTS  OF  DIRECT  COMPARISON  OF 

FM  6-40  AND  ROBB I NS- MON RO  1  ROUND  PRECISION 
REGISTRATION 

The  tabulated  results  presented  are  from  computer  simu¬ 
lation  comparison  as  described  in  Section  III,D.  Pages  104 
to  113  contain  the  results  under  forward  observer  spot  capa¬ 
bility  model  #1.  Pages  114  to  123  show  the  results  under 
conditions  of  observer  spot  capability  model  #2  with 
maximum  error  region  probability  p=0.05;  pages  124  to  133 
tabulate  the  results  when  maximum  error  probability  is 
p=0.25.  The  abbreviations  used  in  the  tables  are  as  follow: 

C  -The  FM  6-40  precision  registration 

RM  -The  Robbins-Monro  1  round  type  recommended  precision 
fire  procedure.  The  associated  number  refers  to  the 
number  of  fire  direction  center  fire  for  effect  posi¬ 
tive  range  spot  rounds  (to  include  the  last  initial 
bracket  round)  in  computing  registration  adjusted 
elevation. 

RAD  -The  average  radial  miss  distance  in  meters  of  estimate 
of  true  target  center. 

AMRG-The  average  absolute  miss  distance  range  in  meters. 

AMDF-The  average  absolute  miss  distance  in  deviation  in 
meters. 

FFERDS-The  average  fire  for  effect  rounds  used. 

SDRG-The  standard  deviatipn  of  the  range  miss  component. 
SDDF-The  standard  deviation  of  the  deflection  miss  component. 
SDRD-The  standard  deviation  of  the  fire  for  effect  rounds. 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  5GB  RANGE:  2000M  PER:  7M  PED:  1M 


ANGLE  T:  lOfrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDK 

SDDF 

FFERDS 

SDRD 

C 

6.30 

5.09 

6.33 

3.50 

4.33 

7.17 

0.85 

RM3 

5.97 

5.19 

6.56 

2.91 

3.45 

4.57 

1.17 

RM4 

5.30 

4.50 

5.78 

2.67 

3.19 

5.60 

1.18 

RM5 

4.93 

4.23 

5.34 

2.61 

3.12 

6.63 

1.20 

RM6 

4.56 

3.92 

4.88 

2.43 

2.95 

7.65 

1.20 

ANGLE  T: 

200jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.15 

5.46 

6.92 

2.80 

3.45 

7.06 

0.89 

RM3 

6.  64 

6.03 

7.53 

2.78 

3.49 

4.34 

0.96 

RM4 

5.73 

5.16 

6.43 

2.59 

3.19 

5.34 

0.96 

RM5 

5.09 

4.56 

5.74 

2.39 

2.95 

6.34 

0.96 

RM6 

4.68 

4.19 

5.29 

2.30 

2.80 

7.34 

0.96 

ANGLE  T: 

400*f 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.13 

5.59 

7.10 

2.60 

3.22 

7.64 

2.60 

RM3 

6.04 

5.57 

7.04 

2.47 

3.19 

4.37 

0.87 

RM4 

5.47 

5.05 

6.30 

2.30 

2.99 

5.37 

0.87 

RMS 

4.97 

4.  66 

5.78 

2.05 

2.59 

6.37 

0.87 

RM6 

4.45 

4.24 

5.28 

1.85 

2.30 

7.37 

0.87 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  5GB  RANGE:  2000M  PER:  7M  PED:  1M 


ANGLE  T:  600jrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.37 

5.62 

7.18 

2.86 

4.19 

8.36 

1.94 

RM3 

6.83 

5.78 

7.16 

3.41 

4.58 

4.31 

0.81 

RM4 

5.86 

5.06 

6.24 

2.91 

3.92 

5.31 

0.81 

RM5 

5.10 

4.49 

5.56 

2.52 

3.37 

6.31 

0.81 

RM6 

4.61 

4.09 

5.03 

2.29 

3.09 

7.32 

0.81 

ANGLE  T: 

aoojif 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

5.81 

5.18 

6.49 

2.63 

3.73 

8.99 

1.81 

RM3 

6.73 

5.17 

6.51 

3.88 

5.99 

4.96 

1.20 

RM4 

5.44 

4.50 

5.58 

2.95 

4.38 

6.02 

1.22 

RM5 

5.11 

4.33 

5.44 

2,67 

4.07 

7.05 

1.22 

RM6 

4.53 

4.00 

4.96 

2.29 

3.31 

8.07 

1.23 

ANGLE  T: 

1600jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.33 

6.15 

7.59 

1.95 

3.93 

8.19 

1.46 

RM3 

7.03 

6,26 

7.85 

2.80 

4.73 

4.06 

0.57 

RM4 

5.57 

5.16 

6.58 

2.17 

3.49 

5.06 

0.57 

RM5 

4.91 

4.70 

5.98 

1.79 

2.60 

6.06 

0.57 

RM6 

4.37 

4.21 

5.32 

1.66 

2.61 

7.06 

0.57 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  5GB  RANGE :  6000M 


ANGLE  T:  lOfrf 


METHOD 

RAD 

AMRG 

SDRG 

C 

10.84 

9.13 

11.29 

RM3 

11.18 

9.96 

12,26 

RM4 

10.31 

9.05 

11.29 

RM5 

9.54 

8.22 

10.17 

RM6 

8.78 

7.21 

9.00 

ANGLE  T: 

200jrf 

METHOD 

RAD 

AMRG 

SDRG 

C 

10.67 

9.37 

11.61 

RM3 

11.36 

10.28 

12.96 

RM4 

10.64 

9.58 

11.89 

RM5 

9.96 

9.06 

11.17 

RM6 

9.23 

8.18 

10.13 

ANGLE  T: 

400frf 

METHOD 

RAD 

AMRG 

SDRG 

C 

10.20 

9.00 

11.43 

RM3 

11.13 

10.15 

12.67 

RM4 

9.97 

8.92 

11.06 

RM5 

9.22 

8.18 

10.38 

RM6 

9.04 

8.11 

10.06 

!:  13M 

PED: 

3M 

AMDF 

SDDF 

FFERDS 

SDRD 

5.05  • 

6.34 

7.24 

0.85 

4.43 

5.60 

4.66 

1.14 

4.39 

5.38 

5.72 

1.19 

4.24 

5.37 

6.79 

1.21 

4.26 

5.40 

7.85 

1.22 

AMDF 

SDDF 

FFERDS 

SDRD 

4.47 

5.62 

7.02 

0.70 

4.25 

5.33 

4.36 

0.95 

4.13 

5.14 

5.36 

0.95 

3.74 

4.76 

6.36 

0.95 

3.87 

4.83 

7.36 

0.95 

AMDF 

SDDF 

FFERDS 

SDRD 

4.15 

5.58 

7.27 

1.06 

4.05 

5.12 

4.39 

0.87 

4.01 

5.06 

5.39 

0.87 

3.77 

4.84 

6.39 

0.87 

3.67 

4.59 

7.39 

0.87 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  5GB  RANGE:  6000M  PER:  13M  PED:  3M 


ANGLE  T:  600/ 


METHOD 

RAD 

AMRG 

SDRG 

C 

11.43 

9.50 

11.67 

RM3 

12.32 

10.15 

12.66 

RM4 

10.51 

8. 66 

10.89 

RM5 

9.70 

8.22 

10.30 

RM6 

8.87 

7.55 

9.54 

ANGLE  T: 

800/ 

METHOD 

RAD 

AMRG 

SDRG 

C 

11.09 

8.67 

10.90 

RM3 

12.23 

9.93 

12.44 

RM4 

10.95 

8.91 

11.37 

RM5 

9.90 

8.31 

30.30 

RM6 

9.40 

7.93 

9.87 

ANGLE  T: 

1600/ 

METHOD 

RAD 

AMRG 

SDRG 

C 

10.33 

9.25 

11.51 

RM3 

12.60 

10.34 

12.90 

RM4 

11.31 

9.52 

11.81 

RM5 

9.80 

8.47 

10.72 

RM6 

8.99 

8.01 

10.00 

AMDF 

SDDF 

FFERDS 

SDRD 

5.38 

8.21 

8.28 

1.82 

5.99 

7.74 

4.40 

0.83 

5.35 

6.88 

5.40 

0.83 

4.43 

5.90 

6.40 

0.83 

4.04 

5.37 

7.40 

0.83 

AMDF 

SDDF 

FFERDS 

SDRD 

5.66 

9.70 

9.52 

4.38 

5.95 

7.89 

5.03 

1.17 

5.30 

7.14 

6.12 

1.19 

4.64 

6.33 

7.22 

1.21 

4.41 

5.93 

8.27 

1.23 

AMDF 

SDDF 

FFERDS 

SDRD 

3.74 

10.97 

7.89 

1.34 

5.60 

9.00 

4.20 

0.62 

4.87 

7.67 

5.20 

0.62 

4.06 

5.83 

6.20 

0.62 

3.56 

5.13 

7.20 

0.62 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE: 

5WB  RANGE:  55 

OOM  1 

PER:  20M 

FED: 

3M 

ANGLE  T: 

lOfrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

15.67 

14.47 

10.25 

4.98 

6.12 

7.12 

0.71 

RM3 

15.27 

14.45 

18.25 

4.11 

5.18 

4.63 

1.13 

RM4 

14.30 

13.38 

16.67 

4.41 

5.39 

5.66 

1.15 

RM5 

13.33 

12.33 

15.46 

4.16 

5.23 

6.70 

1.16 

RM6 

12.45 

11.36 

14.29 

4.37 

5.37 

7.75 

1.18 

ANGLE  T: 

200/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

15.37 

14.51 

18.36 

4.31 

5.78 

7.17 

0.96 

RM3 

15.80 

15.24 

18.67 

3.85 

4.94 

4.51 

1.04 

RM4 

14.59 

14.01 

17.17 

3.70 

4.74 

5.51 

1.04 

RM5 

13.11 

12.49 

15.47 

3.70 

4.68 

6.51 

1.04 

RM6 

12.37 

11.65 

14.52 

3.69 

4.65 

7.51 

1.04 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

15.61 

13.99 

17.75 

5.29 

7.74 

8.23 

1.78 

RM3 

15.99 

15.07 

18.92 

4.53 

5.78 

4.59 

0.95 

RM4 

15.09 

14.36 

17.56 

4.11 

5.30 

5.59 

0.95 

RM5 

13.71 

13.05 

16.38 

3.79 

4.86 

6.59 

0.95 

RM6 

12.88 

12.23 

15.32 

3.69 

4.66 

7.59 

0.95 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  5WB  RANGE :  5500M  PER:  20M  PED:  3M 


ANGLE  T:  600/ 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

16.84 

13.73 

17.24 

7.62 

12.30 

9.79 

3.24 

RM3 

17.39 

14.98 

18.67 

7.12 

9.12 

4.50 

0.90 

RM4 

15.44 

13.38 

16.52 

6.38 

8.26 

5.50 

0.90 

RM5 

14.21 

12.40 

15.37 

5.67 

7.53 

6.50 

0.90 

RM6 

13.61 

12.11 

14.94 

5.23 

6.92 

7.50 

0.90 

ANGLE  T: 

800/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

16.87 

33.27 

16.48 

8.16 

14.79 

10.51 

3.93 

RM3 

16.30 

13.67 

16.90 

7.28 

9.25 

5.00 

1.17 

RM4 

14.97 

12.55 

15.64 

6.69 

8.52 

6.07 

1.19 

RM5 

14.52 

12.19 

15.12 

6.31 

8.22 

7.12 

1.21 

RM6 

13.53 

11.51 

14.39 

5.70 

7.52 

8.18 

1.23 

ANGLE  T: 

1600/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

15.08 

14.56 

18.29 

3.46 

5.30 

8.67 

1.59 

RM3 

16.45 

14.44 

17.79 

6.06 

8.94 

4.39 

0.81 

RM4 

14.78 

13.35 

16.66 

4.95 

7.14 

5.39 

0.81 

RM5 

13.56 

12.21 

15.18 

4.58 

7.42 

6.39 

0.81 

RM6 

12.35 

11.41 

13.99 

3.97 

5.75 

7.39 

0.81 

109 


FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE :  6WB  HANOI: :  8000M  PER:  27M  PED:  4M 


ANGLE  T:  lOjrf 


METHOD 

HAD 

AM  KG 

SDHG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

20.20 

18.57 

23.29 

6.26 

7.73 

7.11 

0.69 

RM3 

20.29 

19.02 

23.64 

5.61 

7.10 

4.67 

1.16 

RM4 

18.99 

17.57 

22.17 

5.76 

7.03 

5.71 

1.18 

RMS 

17.79 

16.31 

20.35 

5.69 

7.08 

6.75 

1.20 

RM6 

17.70 

16.15 

20.11 

5.74 

6.99 

7.80 

1.23 

ANGLE  T: 

200frf 

METHOD 

RAD 

AMRG 

SDHG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

21.13 

19.64 

24.36 

5.95 

8.55 

7.25 

1 . 09 

RM3 

21.70 

20.54 

25 . 61 

5.58 

6.96 

4.53 

0.92 

RM4 

21.06 

19.95 

24.72 

5.46 

6.88 

5.53 

0.92 

RM5 

18.79 

17.59 

21.84 

5.29 

6.80 

6.53 

0.92 

RM6 

17.64 

16.50 

20.76 

5.08 

6.39 

7.53 

0.92 

ANGLE  T: 

400}tf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

21.60 

19.15 

24.10 

7.53 

11.06 

8.18 

1.81 

RM3 

20.84 

19.23 

24.  11 

6.17 

7.77 

4.51 

0.89 

RM4 

19.97 

18.54 

23. 17 

5.80 

7.33 

5.51 

0.89 

RM5 

18.75 

17.62 

22.17 

5.32 

6.68 

6.51 

0.89 

RM6 

17,37 

16.21 

20.37 

5.08 

6.36 

7.51 

0.89 
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FORWARD  OBSERVER  ERROR’  MODEL  NUMBER  1 

CHARGE:  6WB  RANGE:  8000M  PER:  27M  FED:  3M 


ANGLE  T:  600/ 


METHOD  RAD  AMRG  SDRG 

C 

26.23 

18.54 

23.21 

RM3 

23.36 

20.18 

24. 78 

RM4 

20.67 

18.12 

22.53 

RM5 

18.71 

16.40 

20.  77 

RM6 

17.58 

15.49 

19.34 

ANGLE  T: 

800/ 

METHOD 

HAD 

AMRG 

SDRG 

C 

23.14 

18.15 

22 . 88 

RM3 

22.33 

18.21 

22.89 

RM4 

21.34 

17.72 

22.09 

RMS 

19.82 

16.40 

20.34 

RM6 

18.56 

15.33 

19.21 

ANGLE  T: 

1600frf 

METHOD 

RAD 

AMRG 

SDRG 

C 

20.36 

18.83 

23.52 

RM3 

22.45 

20.19 

24.82 

RM4 

20.77 

19.00 

23.36 

RM5 

18.97 

17.55 

22.10 

RM6 

17.91 

16.68 

21.09 

AMDF 

SDDF 

FFERDS 

SDRD 

14.52 

23.  62 

9.88 

2.65 

9.13 

12.39 

4.46 

0.78 

7.83 

10.49 

5.46 

0.78 

7.05 

9.28 

6.46 

0.78 

6.70 

8.76 

7.46 

0.78 

AMDF 

SDDF 

FFERDS 

SDRD 

11.31 

17.11 

10.55 

2.67 

10.21 

13.09 

5.00 

1.12 

9.41 

12.30 

6.08 

1.13 

8.90 

11.70 

7.17 

1.15 

8.27 

10.92 

8.24 

1.17 

AMDF 

SDDF 

FFERDS 

SDRD 

5.59 

13.70 

8.17 

1.48 

7.40 

10.11 

4.39 

0.75 

6.43 

8.92 

5.39 

0.75 

5.39 

7.51 

6.39 

0.75 

4.96 

6.88 

7.39 

0.75 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  6WB  RANGE:  lOOOOM  PER:  34M  PED:  5M 


ANGLE  T:  lOjrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

23.61 

21.81 

27.27 

6.89 

8.77 

7.14 

0.67 

RM3 

26.56 

24.88 

31.20 

6.81 

8.58 

4.58 

1.00 

RM4 

24.78 

22.85 

28.47 

7.24 

8.89 

5.63 

1.04 

RM5 

23.45 

21.64 

26.73 

7.05 

8.77 

6.68 

1.06 

RM6 

21.89 

19.84 

25.05 

7.21 

8.89 

7.72 

1.07 

ANGLE  T: 

200jif 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

26.24 

24.12 

30.64 

7.87 

11.54 

7.45 

1.31 

RM3 

26.30 

24.71 

30.67 

6.80 

8.63 

4.45 

0.87 

RM4 

23.67 

22.13 

27.61 

6.49 

8.39 

5.45 

0.87 

RM5 

21.79 

20.43 

25.57 

6.27 

7.92 

6.45 

0.87 

RM6 

20.58 

19.12 

24.34 

6,00 

7.53 

7.45 

0.87 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

26.09 

23.07 

28.94 

9.31 

13.15 

8.39 

1.80 

RM3 

26.56 

24.74 

31.20 

7.30 

9.36 

4.47 

0.82 

RM4 

25.27 

23.49 

29.34 

7.15 

9.00 

5.47 

0.82 

RM5 

22.90 

21.27 

26.74 

6.50 

8.21 

6.47 

0.82 

RM6 

22.77 

21.13 

26.23 

6.34 

8.21 

7.47 

0.82 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  1 


CHARGE:  6WB  RANGE:  lOOOOM  HER:  34 M  PED:  5M 


ANGLE  T:  600(4 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

34.96 

24.69 

30.55 

19.29 

'30.73 

9.98 

2.75 

RM3 

28.10 

24.34 

30.31 

10.60 

14.05 

4.45 

0.79 

RM4 

25.86 

22.73 

28.44 

9.25 

12.33 

5.45 

0.79 

RM5 

24.19 

21.37 

26.74 

8.57 

11.20 

6.45 

0.79 

RM6 

22.31 

19.78 

24.85 

7.96 

10.36 

7.45 

0.79 

ANGLE  T: 

BOOfrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

29.74 

22.83 

28.50 

15.04 

22.01 

10.91 

2.38 

RM3 

28.11 

23.38 

29.07 

12.23 

15.93 

4.99 

1.16 

RM4 

25.82 

21.60 

26.81 

10.86 

14.35 

6.12 

1.22 

RM5 

24.53 

20.41 

25.45 

10.41 

13.98 

7.21 

1.24 

RM6 

23.64 

19.61 

24.51 

9.96 

13.45 

8.30 

1.28 

ANGLE  T: 

1600frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

25.15 

23.83 

29.82 

6.01 

8.28 

8.78 

1.58 

RM3 

26.35 

23.64 

29.92 

8.77 

11.96 

4.38 

0.72 

RM4 

24.97 

22.69 

28.25 

7.81 

10.56 

5.38 

0.72 

RM5 

22.75 

20.79 

26.34 

6.94 

9.52 

6.38 

0.72 

RM6 

21.69 

20.01 

24.81 

6.47 

8.67 

7.38 

0.72 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5GB  RANGE:  2000M  PER:  7M  PED:  1M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  lOfrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.74 

5.62 

7.37 

3.51 

4.29 

7.41 

1.21 

RM3 

7.74 

7.06 

11.48 

3.01 

3.62 

4.79 

1.61 

RM4 

7.00 

6.31 

10.46 

2.86 

3.43 

5.84 

1.64 

RM5 

6.47 

5.68 

9.64 

2.82 

3.39 

6.89 

1.65 

RM6 

5.99 

5.33 

9.15 

2.71 

3.22 

7.93 

1.67 

ANGLE  T: 

200jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.75 

5.94 

7.72 

3.07 

4.33 

7.19 

0.93 

RM3 

8.47 

7.86 

10.91 

•  3.10 

4.30 

4.52 

1.30 

RM4 

7.43 

6.89 

9.59 

2.80 

3.91 

5.52 

1.30 

RM5 

6.54 

6.04 

8.57 

2.56 

3.52 

6.52 

1.30 

RM6 

5.92 

.5.49 

7.92 

2.36 

3.21 

7.53 

1.30 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

6.84 

6.20 

.8.14 

2.77 

4.27 

7.40 

1.32 

RM3 

8.59 

7.53 

10.92 

3.60 

8.69 

4.52 

1.44 

RM4 

7.52 

6.61 

9.74 

3.25 

8.35 

5.52 

1.44 

RM5 

6.73 

5.88 

8.88 

2.98 

8.00 

6.52 

1.44 

RM6 

5.99 

5.25 

8.24 

2.70 

7.69 

7.52 

1.44 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE  5GB  RANGE:  2000M  PER:  7M  PED:  1M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  600frf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

8.73 

7.53 

10.47 

3.83 

8.48 

8.39 

2.03 

RM3 

9.25 

7.47 

10.74 

4.86 

8.73 

4.48 

1.10 

RM4 

8.05 

6.58 

9.61 

4.22 

8.08 

5.48 

1.10 

RM5 

7.17 

5.96 

8.61 

3.65 

7.53 

6.48 

1.10 

RM6 

6.58 

5.52 

8.07 

3.38 

7.19 

7.48 

1.10 

ANGLE  T: 

800|rf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

7.22 

5.80 

7.38 

3.92 

7.50 

9.64 

3.13 

RM3 

8.53 

6.50 

9.11 

4.96 

8.69 

5.35 

2.20 

RM4 

7.27 

5.63 

8.03 

4.29 

7.87 

6.49 

2.26 

RM5 

6.54 

5.16 

7.36 

3.75 

6.91 

7.62 

2.42 

RM6 

5.82 

.  4,68 

6.73 

3.34 

6.40 

8.74 

2.50 

ANGLE  T: 

1600frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

8.61 

6.97 

9.08 

3.94 

8.11 

7.45 

1.07 

RM3 

10.89 

6.87 

8.92 

7.11 

12.39 

4.06 

0.61 

RM4 

9.10 

5.93 

7.76 

5.72 

10.62 

5.06 

0.61 

RM5 

7.79 

5.28 

6.99 

4.76 

9.56 

6.06 

0.61 

RM6 

7.10 

4.91 

6.48 

4.27 

8.92 

7.06 

0.61 

115 


FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5GB  RANGE:  6000M  PER:  13M  PED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  lOfrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

11.25 

9.79 

12.45 

4.74 

5.97 

7.45 

1.05 

RM3 

12.62 

11.43 

14.90 

4.59 

5.66 

4.87 

1.45 

RM4 

11.29 

10.01 

13.06 

4.48 

5.60 

5.95 

1.46 

RM5 

10.70 

9.18 

11.90 

4.77 

5.86 

7.04 

1.48 

RM6 

10.01 

8.73 

11.03 

4.38 

5.48 

8.13 

1.51 

ANGLE  T: 

200frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

12.14 

10.67 

14.03 

4.93 

6.84 

7.14 

0.79 

RM3 

12.87 

11.61 

15.30 

4.58 

5.96 

4.51 

1.15 

RM4 

11.90 

10.66 

13.94 

4.53 

5.76 

5.51 

1.15 

RM5 

10.90 

9.70 

12.55 

4.30 

5.43 

6.51 

1.15 

RM6 

10.15 

9.07 

11.81 

4.12 

5.17 

7.51 

1.15 

ANGLE  T: 

400frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

12.67 

11.06 

14.43 

5.21 

7.27 

7.28 

1.08 

RM3 

12.46 

11.00 

14.49 

5.00 

7.49 

4.50 

1.14 

RM4 

11.40 

10.11 

13.31 

4.59 

6.84 

5.50 

1.14 

RM5 

10.44 

9.26 

12.21 

4.20 

6.27 

6.50 

1.14 

RM6 

9.64 

8.45 

11.27 

4.08 

5.89 

7.50 

1.14 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE :5GB  RANGE:  6000M  PER:  13M  PED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T: 

600frf 

METHOD 

RAD 

AMRG 

SDRG 

C 

13.25 

10.87 

14.07 

RM3 

14.85 

11.95 

16.64 

RM4 

13.47 

10.93 

15.20 

RMS 

12.41 

10.31 

14.43 

RM6 

11.50 

9.54 

13.33 

ANGLE  T: 

800^ 

METHOD 

RAD 

AMRG 

SDRG 

C 

12.30 

9.38 

12.01 

RM3 

13.45 

10.67 

13.67 

RM4 

12.35 

9.78 

12.44 

RMS 

11.07 

9.06 

11.66 

RM6 

10.25 

8.46 

10.82 

ANGLE  T: 

1600^ 

METHOD 

RAD 

AMRG 

SDRG 

C 

14.39 

10.62 

13.56 

RM3 

16.31 

10.84 

13.61 

RM4 

13.79 

9.36 

12.02 

RM5 

12.33 

8.70 

10.95 

RM6 

11.55 

8.61 

10.84 

AMDF 

SDDF 

FFERDS 

SDRD 

6.12 

9.35 

8.28 

2.05 

7.41 

11.50 

4.53 

1.09 

6.65 

10.77 

5.53 

1.09 

5.84 

9.80 

6.53 

1.09 

5.44 

9.39 

7.53 

1.09 

AMDF 

SDDF 

FFERDS 

SDRD 

6.61 

10.48 

9.59 

2.17 

7.01 

9.61 

5.52 

1.98 

6.49 

9.17 

6.66 

2.00 

5.48 

7.85 

7.84 

2.05 

5.04 

7.30 

8.97 

2.09 

AMDF 

SDDF 

FFERDS 

SDRD 

7.72 

12.72 

7.25 

0.88 

10.16 

16.18 

4.30 

0.61 

8.37 

13.77 

5.30 

0.61 

7.32 

12.41 

6.30 

0.61 

6.37 

11.02 

7.30 

0.61 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE :  5WB  RANGE:  5500M  PER:  20M  PED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  lOjrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

16.63 

15.29 

19.55 

5.39 

6.64 

7.33 

1.03 

RM3 

16.41 

15.55 

20.31 

4.41 

5.48 

4.90 

1.39 

RM4 

15.35 

14.44 

18.92 

4.30 

5.34 

5.97 

1.39 

RMS 

13.78 

12.80 

16.99 

4.21 

5.25 

7.03 

1.43 

RM6 

13.46 

12.33 

16.11 

4.56 

5.63 

8.10 

1.45 

ANGLE  T: 

200frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

17.51 

16.33 

21.37 

5.13 

8.46 

7.12 

8.46 

RM3 

15.97 

15.14 

19.09 

4.44 

5.80 

4.60 

1.19 

RM4 

14.84 

13.98 

17.63 

4.32 

5.65 

5.60 

1.19 

RM5 

13.88 

13.05 

16.53 

4.04 

5.16 

6.60 

1.19 

RM6 

12.96 

12.29 

15.49 

3.81 

4.79 

7.60 

1.19 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

17.15 

15.54 

19.81 

5.57 

7.96 

7.72 

1.52 

RM3 

17.81 

16.42 

26.24 

5.60 

10.25 

4.64 

1.28 

RM4 

16.38 

15.11 

24.68 

5.08 

9.70 

5.64 

1.28 

RMS 

15.04 

13.88 

23.40 

4.82 

9.34 

6.64 

1.28 

RM6 

14.15 

13.19 

22.42 

4.33 

8.56 

7.64 

1.28 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE: 

5WB  RANGE:  55 

00M  1 

PER:  2JM 

FED: 

3M 

PROBAB1L 

TTY  OF  ERROR  IN 

MAXIMUM  ERROR 

REGION 

P:0.05 

ANGLE  T: 

600 jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMD!' 

SDDF 

FFERDS 

SDRD 

C 

20.64 

16.89 

22.74 

9.19 

15.59 

9.41 

2.81 

RM3 

21.00 

16.24 

20.54 

10.88 

15.37 

4.62 

1.12 

RM4 

18.37 

14.43 

18.44 

9.16 

13.16 

5.62 

1.12 

RM5 

16.66 

13.30 

16.83 

8.11 

12.17 

6.62 

1.12 

RM6 

15.31 

12.08 

15.57 

7.56 

11.70 

7.62 

1.12 

ANGLE  T: 

800pf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

17.86 

14.11 

18.03 

8.66 

13.46 

10.88 

3.71 

RM3 

20.12 

14.73 

18.73 

11.22 

16.28 

5.81 

2.10 

RM4 

17.59 

13.16 

16.86 

9.72 

14.22 

6.99 

2.16 

RM5 

15.95 

12.35 

15.60 

8.41 

12.68 

8. 18 

2.24 

RM6 

14.66 

11.51 

14.69 

7.48 

11.05 

9.36 

2.31 

ANGLE  T: 

1600^ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

19.84 

15.99 

20,48 

8.55 

15.97 

7.37 

0.93 

RM3 

21.59 

14.70 

18.24 

12.47 

21.33 

4.45 

0.77 

RM4 

19.10 

13.52 

16.80 

10.47 

18.82 

5.45 

0.77 

RM5 

17.10 

12.16 

15.24 

9.31 

16.81 

6.45 

0.77 

RM6 

15.43 

11.45 

14.55 

7.90 

14.86 

7.45 

0.77 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 

CHARGE:  6  RANGE :  8000M  PER:  27M  PED:  4M 

PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  lOfrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

21.44 

19.96 

25.77 

6.05 

7.55 

7.30 

0.80 

RM3 

20.69 

19.24 

25.00 

5.92 

7.52 

4.82 

1.26 

RM4 

19.73 

18.13 

23.32 

6.24 

7.64 

5.88 

1.28 

RM5 

18.65 

17.01 

21.87 

5.94 

7.37 

6.95 

1.31 

RM6 

17.81 

16.35 

20.62 

5.83 

7.15 

8.01 

1.32 

ANGLE  T: 

200frf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

22.88 

21.30 

27.19 

6.43 

9.66 

7.18 

1.02 

RM3 

23.49 

22.29 

34.14 

5.67 

8.15 

4.48 

0.99 

RM4 

21.57 

20.55 

31.93 

5.56 

8.00 

5.48 

0.99 

RM5 

20.07 

18.91 

30.65 

5.37 

7.68 

6.48 

0.99 

RM6 

19.77 

18.72 

20.70 

5.40 

7.39 

7.48 

0.99 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

23.07 

20.99 

27.30 

7.32 

11.21 

7.66 

1.36 

RM3 

22.42 

20.62 

26.24 

6.84 

9.37 

4.57 

1.03 

RM4 

21.16 

19.50 

24.43 

6.43 

8.63 

5.57 

1.03 

RM5 

19.14 

17.53 

22,21 

6.12 

8.18 

6.57 

1.03 

RM6 

18.67 

17.20 

21.31 

5.92 

7.68 

7.57 

1.03 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE: 

6  RANGE:  8000M  FER: 

27M 

PED:  4M 

PROBABILITY  OF  ERROR  IN 

MAXIMUM 

ERROR 

REGION 

P:0.05 

ANGLE  T: 

600jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

31.09 

23.65 

33.03 

15.55 

25.87 

9.62 

2.64 

RM3 

24.95 

20.80 

26.52 

11.02 

15.29 

4.59 

1.03 

RM4 

23.35 

19.81 

25.25 

9.81 

13.44 

5.59 

1.03 

RM5 

22.00 

19.05 

24,03 

8.01 

12.20 

6.59 

1.03 

RM6 

20.95 

18.39 

22.94 

8.12 

10.99 

7.59 

1.03 

ANGLE  T: 

SOOjrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

24.66 

19.06 

24.43 

12.25 

18.09 

10.91 

2.65 

RM3 

25.02 

19.90 

25.13 

12.02 

16.36 

5.48 

1.73 

RM4 

22.84 

18.37 

23.00 

10.94 

14.87 

6.64 

1.78 

RM5 

20.95 

16.67 

21.07 

10.11 

13.87 

7.79 

1.85 

RM6 

19.53 

15.72 

19.45 

9.36 

12.70 

8.93 

1.89 

ANGLE  T: 

1600|rf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

25.00 

20.97 

26.19 

10.07 

16.07 

7.15 

0.67 

RM3 

26.22 

20.68 

25.75 

12.00 

21.94 

4.47 

0.78 

RM4 

23.88 

19.34 

24.13 

10.10 

19.04 

5.47 

0.78 

RMS 

21.84 

17.96 

22.51 

8.83 

17.30 

6.47 

0.78 

RM6 

21.05 

17.83 

21.55 

8.12 

15.77 

7.47 

0.78 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  6  RANGE :  lOOOOM  PER:  34M  PED:  5M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.05 


ANGLE  T:  lOjrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

25.43 

23.71 

30.47 

6.99 

8.74 

7.31 

0.81 

RM3 

26.37 

24.64 

31.33 

7.08 

8.93 

4.79 

1.24 

RM4 

25.61 

23.83 

29.90 

7.24 

8.81 

5.87 

1.26 

RMS 

23.31 

21.71 

26.82 

6.77 

8.44 

6.93 

1.29 

RM6 

21.22 

19.41 

24.27 

6.99 

8.52 

8.00 

1.32 

ANGLE  T: 

200jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

29.73 

27.88 

35.47 

7.73 

10.83 

7.22 

1.03 

RM3 

28.92 

27.20 

33.68 

7.47 

9.61 

4.54 

0.89 

RM4 

26.13 

24.51 

30.91 

6.94 

9.04 

5.54 

0.89 

RM5 

24.62 

22.97 

29.08 

6.81 

8.67 

6.54 

0.89 

RM6 

23.83 

22.26 

28.00 

6.74 

8.58 

7.54 

0.89 

ANGLE  T: 

400{rf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

29.61 

26.56 

34.69 

9.36 

13.71 

7.83 

1.57 

RM3 

28.48 

26.09 

32.32 

8.64 

11.57 

4.53 

0.96 

RM4 

25.85 

23.77 

30.39 

7.65 

10.34 

5.53 

0.96 

RM5 

24.23 

22.26 

28.26 

7.27 

9.69 

6.53 

0.96 

RM6 

22.97 

20.84 

26.28 

7.27 

9.64 

7.53 

0.96 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE: 

6  RANGE:  lOOOOM  PER:  34M 

PED: 

5M 

PROBABILITY  OF  ERROR  IN 

MAXIMUM  ERROR 

REGION 

P:0.05 

ANGLE  T: 

600/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

38.62 

28.33 

37.15 

20.25 

30.56 

9.71 

2.60 

RM3 

32.03 

27.10 

33.80 

13.18 

17.81 

4.51 

0.86 

RM4 

29.37 

25.23 

31.66 

11.66 

15.81 

5.51 

0.86 

RM5 

27.41 

23.49 

29.58 

10.86 

14.39 

6.51 

0.86 

RM6 

25.46 

22.12 

27.75 

9.94 

13.04 

7.51 

0.86 

ANGLE  T: 

800/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

30.57 

23.86 

29.96 

15.12 

21.50 

11.13 

2.36 

RM3 

30.67 

24.29 

30.06 

14.36 

20.01 

5.50 

1.52 

RM4 

27.98 

22.34 

27.63 

13.14 

18.07 

6.70 

1.65 

RM5 

25.81 

20.45 

25.50 

12.22 

16.63 

7.86 

1.70 

RM6 

24.25 

19.46 

24.51 

11.31 

15.54 

9.08 

1.79 

ANGLE  T: 

1600/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

30.76 

25.44 

32.57 

11.76 

35.95 

7.19 

0.87 

RM3 

31.06 

24.96 

31.46 

13.62 

19.70 

4.48 

0.73 

RM4 

28.04 

23.45 

29.33 

11.37 

16.74 

5.48 

0.73 

RM5 

26.18 

22.25 

27.33 

10.20 

15.16 

6.58 

0.73 

RM6 

24.51 

20.85 

26.20 

9.48 

13.95 

7.58 

0.73 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5GB  RANGE :  2000M  PER:  7M  PED:  1M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 


ANGLE  T:  10/ 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

7.45 

6.33 

8,22 

3.67 

4.50 

7.48 

1.25 

RM3 

7.94 

7.28 

12.65 

2.99 

3.59 

4.89 

1.75 

RM4 

6.86 

6.20 

11.55 

2,80 

3.34 

5.94 

1.77 

RM5 

6.27 

5.57 

10.77 

2,76 

3.29 

6.99 

1.80 

RM6 

5.80 

5.14 

10.31 

2.66 

3.17 

8.05 

1.83 

ANGLE  T: 

200/ 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

7.69 

7.07 

9.20 

2.94 

4.10 

7.11 

0.92 

RM3 

8.50 

8.01 

11.60 

2.80 

3.75 

4.55 

1.41 

RM4 

7.55 

7.06 

10.38 

2.68 

3.49 

5.55 

1.41 

RM5 

6.80 

6.34 

9.22 

2.52 

3.27 

6.55 

1.41 

RM6 

6.24 

5.81 

8.55 

2.38 

3.12 

7.55 

1.41 

ANGLE  T: 

400jrf 

METHOD  RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

9.25 

8.52 

13,37 

3.19 

10.80 

7.39 

1.37 

RM3 

9.05 

8.60 

12.69 

2.94 

4.93 

4.50 

1.14 

RM4 

7.99 

7.69 

11.49 

2.53 

4.52 

5.50 

1.14 

RM5 

6.97 

6.74 

10.36 

2.27 

4.06 

6.50 

1.14 

RM6 

6.32 

6.13 

9.67 

2.04 

3.76 

7.50 

1.14 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5GB  RANGE:  2000M  PER:  7M  MED:  1M 


PRORABJL 

1  TV  OF  E 

RROR  IN 

NR XI  MUM  ERROR 

REGION 

P:0.25 

ANGLE  T: 

600rf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

12.50 

11.10 

17.47 

4.69 

15.61 

8.35 

2.00 

RM3 

10.70 

9.24 

13.48 

4.76 

7.69 

4.50 

1.18 

RM4 

9.68 

8.41 

12.32 

4.14 

6.92 

5.50 

1.18 

RM5 

8.74 

7.74 

11.32 

3.61 

6.33 

6.50 

1.18 

RM6 

8.13 

7.32 

10.79 

3.18 

5.86 

7.50 

1.18 

ANGLE  T: 

BOOjrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

t 

9.18 

6.98 

10.40 

5.47 

11.28 

10.62 

8.05 

RM3 

9.96 

7.13 

10.10 

6.27 

10.26 

5.81 

3.11 

RM4 

8.64 

6.31 

8.88 

5.39 

8.92 

7.05 

3.47 

RM5 

7.45 

5.55 

8.04 

4.64 

7.93 

8.30 

3.70 

RM6 

6.63 

.5.09 

7.38 

4.09 

7.11 

9.49 

3.80 

ANGLE  T: 

1600jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

16.36 

6.97 

9.23 

13.53 

20.60 

7.35 

1.07 

RM3 

17.36 

7.08 

9.22 

14.49 

25.69 

4.10 

0.58 

RM4 

15.46 

6.37 

8.17 

12.96 

23.57 

5.10 

0.58 

RM5 

14.19 

5.74 

7.46 

12.03 

21.98 

6.10 

0.58 

RM6 

13.28 

5.25 

6.87 

11.34 

21.79 

7.10 

0.58 
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FORWARD  OHSHRVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5G3  RANCH :  6000M  PER:  13M  PED:  3M 


PROBABTL 

1TY  OF  ERROR  IN 

MAXIMUM 

ERROL’ 

REG1  ON 

P:0.25 

ANGLE  T: 

lOfrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

11.72 

10.18 

13.34 

4.89 

6.32 

7.49 

1.13 

RM3 

12.66 

11.41 

14.53 

4.54 

5.65 

4.86 

1.46 

RM4 

11.74 

10.35 

13.03 

4.63 

5.79 

5.93 

1.47 

RM5 

10.89 

9.55 

11.92 

4.54 

5.66 

7.03 

1.50 

RM6 

10.59 

9.13 

11.39 

4.57 

5.70 

8.13 

1.52 

ANGLE  T: 

200{i f 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

12.74 

11.34 

16.31 

4.86 

6.26 

7.04 

0.72 

RM3 

13.70 

12.82 

16.87 

4.37 

5.80 

4.55 

1.19 

RM4 

12.41 

11.33 

15.24 

4.38 

5.75 

5.55 

1.19 

RM5 

11.52 

10.40 

14.12 

4.30 

5.68 

6.55 

1.19 

RM6 

10.79 

.9.66 

13.13 

4.23 

5.51 

7.55 

1.19 

ANGLE  T: 

400j»f 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

14.06 

12.78 

16.31 

4.95 

7.27 

7.19 

0.97 

RM3 

14.33 

13.06 

16.76 

4.98 

6.54 

4.54 

1.09 

RM4 

12.65 

11.64 

14.97 

4.31 

5.71 

5.54 

1.09 

RM5 

11.75 

10.83 

13.81 

4.11 

5.36 

6.54 

1.09 

RM6 

10.73 

9.81 

12.74 

3.89 

4.96 

7.54 

1.09 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5GB  RANGE:  6000M  PER:  13M  PED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 

ANGLE  T:  600>rf 


METHOD 

RAD 

AMRG 

SDRG 

C 

18.75 

16.54 

22.97 

RM3 

16.91 

13.93 

18.69 

RM4 

15.45 

12.74 

16.96 

RM5 

13.99 

11.50 

15.24 

RM6 

13.34 

11.12 

14.50 

ANGLE  T: 

800f4 

METHOD 

RAD 

AMRG 

SDRG 

C 

14.36 

10.18 

13.08 

RM3 

15.79 

12.10 

15.12 

RM4 

13.85 

10.53 

13.42 

RM5 

12.75 

9.99 

12  54 

RM6 

11.84 

.9.45 

11.85 

ANGLE  T: 

1600jif 

METHOD 

RAD 

AMRG 

SDRG 

C 

25.19 

10.61 

13.79 

RM3 

25.14 

11.32 

14.12 

RM4 

22.38 

10.12 

12.81 

RM5 

20.29 

9.66 

11.96 

RM6 

19.03 

9.26 

11.47 

AMDF 

SDDF 

FFERDS 

SDRD 

7.08 

12.80 

8.15 

2.35 

8.36 

12.56 

4.56 

1.11 

7.52 

11.41 

5.56 

1.11 

6.81 

10.32 

6.56 

1.11 

6.27 

9.45 

7.56 

1.11 

AMDF 

SDDF 

FFERDS 

SDRD 

8.66 

13.91 

10.24 

3.15 

8.91 

12.44 

5.92 

2.09 

7.86 

10.88 

7.20 

2.15 

6.98 

9.87 

8.45 

2.20 

6.30 

8.86 

9.71 

2.27 

AMDF 

SDDF 

FFERDS 

SDRD 

20.78 

29.45 

7.22 

0.84 

20.27 

28.98 

4.25 

0.66 

17.90 

25.79 

5.25 

0.  66 

15.99 

23.19 

6.25 

0.  66 

14.70 

21.59 

7.25 

0.66 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5WB  RANGE:  5500M  FltR:  20M  FED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 


ANGLE  T: 

10p{ 

METHOD 

RAD 

AMRG 

SDRG 

C 

16.57 

15.42 

19.82 

RM3 

16.80 

15.80 

24.89 

RM4 

15.57 

14.62 

23.27 

RM5 

14.58 

13.60 

22.31 

RM6 

14.04 

13.12 

21.31 

ANGLE  T: 

200jrf 

METHOD 

RAD 

AMRG 

SDRG 

C 

17.49 

16.63 

22.07 

RM3 

17.09 

16.26 

20.74 

RM4 

15.69 

14.99 

19.01 

RM5 

14.52 

13.88 

17.62 

RM6 

13.33 

12.62 

15.85 

ANGLE  T: 

400pf 

METHOD 

RAD 

AMRG 

SDRG 

C 

20.08 

18.98 

25.29 

RM3 

19.19 

18.05 

25.02 

RM4 

17.16 

15.92 

20.70 

RM5 

15.31 

14.25 

18.78 

RM6 

14.65 

13.76 

17.84 

AMDF  SDDF  FFERDS  SDRD 


4.98 

6.12 

7.33 

0.97 

4.54 

5.64 

4.88 

1.64 

4.46 

5.55 

5.94 

1.68 

4.35 

5.42 

7.00 

1.70 

4.28 

5.35 

8.06 

1.71 

AMDF 

SDDF 

FFERDS 

SDRD 

4.62 

6.30 

7.13 

0.89 

4.30 

5.57 

4.64 

1.20 

4.03 

5.25 

5.64 

1.20 

3.82 

4.87 

6.64 

1.20 

3.87 

4.91 

7.64 

1.20 

AMDF 

SDDF 

FFERDS 

SDRD 

5.35 

7.94 

7.67 

1.56 

5.47 

10.13 

4.75 

1.34 

5.23 

9.48 

5.75 

1.34 

4.63 

8.78 

6.75 

1.34 

4.25 

8.45 

7.75 

1.34 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  5WB  RANGE:  5500M  PER:  20M  PED:  3M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 

ANGLE  T:  OOOpf 


METHOD 

RAD 

AMRG 

SDRG 

C 

29.40 

26.05 

39.06 

RM3 

24.16 

19.13 

25.78 

RM4 

22.24 

17.56 

23.93 

RM5 

21.10 

16.86 

23.08 

RM6 

19.36 

15.94 

21.70 

ANGLE  T: 

800frf 

METHOD 

RAD 

AMRG 

SDRG 

C 

21.20 

16.23 

21.02 

RM3 

22.25 

16.12 

20.45 

RM4 

18.97 

14.15 

17.81 

RM5 

17.19 

12.99 

16.53 

RM6 

16.01 

12.33 

15.35 

ANGLE  T:1600jrf 

METHOD 

RAD 

AMRG 

SDRG 

C 

32.65 

15.58 

19.95 

RM3 

31.34 

14.98 

18.80 

RM4 

29.31 

14.40 

17.80 

RM5 

27.14 

13.12 

16.34 

RM6 

25.55 

12.78 

15.82 

AMDF 

SDDF 

FFERDS 

SDRD 

10.03 

18.19 

9.43 

4.17 

12.09 

17.86 

4.68 

1.19 

11.13 

17.35 

5.68 

1.19 

10.31 

16.53 

6.68 

1.19 

8.98 

14.87 

7.68 

1.19 

AMDF 

SDDF 

FFERDS 

SDRD 

11.61 

18.70 

11.16 

4.34 

12.77 

17.34 

6.39 

2.19 

10.72 

15.01 

7.69 

2.28 

9.51 

13.31 

9.02 

2.37 

8.65 

12.26 

10.28 

2.47 

AMDF 

SDDF 

FFERDS 

SDRD 

25.00 

36.32 

7.46 

1.05 

24.02 

34.23 

4.43 

0.82 

22.28 

31.65 

5.43 

0.82 

20.90 

29.65 

6.43 

0.82 

19.45 

27.70 

7.43 

0.82 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE :  6  RANGE :  BOOOM  PER:  27M  FED:  4M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 


ANGLE  T: 

lOfrf 

METHOD 

RAD 

AMRG 

SDRG 

C 

21.36 

19.91 

25.19 

RM3 

23.42 

22.12 

29.18 

RM4 

21. 9± 

20.56 

27.13 

RM5 

20.95 

19.59 

25.62 

RM6 

19.09 

17.67 

23.48 

ANGLE  T: 

200rf 

METHOD 

RAD 

AMRG 

SDRG 

C 

23.42 

22.03 

28.31 

RM3 

23.51 

22.17 

28.23 

RM4 

21.38 

20.11 

25.69 

RMS 

18.80 

17.69 

22.37 

RM6 

17.74 

16.58 

21.26 

ANGLE  T: 

400jrf 

METHOD 

RAD 

AMRG 

SDRG 

C 

25.01 

23.20 

30.29 

RM3 

24.51 

22.85 

30.00 

RM4 

22.85 

21.31 

28.19 

RMS 

20.49 

19.02 

25.31 

RM6 

19.79 

18.55 

24.62 

AMDF 

SDDF 

FFERDS 

SDRD 

6.02 

8.09 

7.32 

0.84 

5.81 

7.26 

4.83 

1.21 

6.08 

7.44 

5.89 

1.25 

5.78 

7.19 

6.95 

1.29 

5.71 

7.04 

8.03 

1  .32 

AMDF 

SDDF 

FFERDS 

SDRD 

6.25 

8.27 

7.17 

0.87 

5.98 

8.01 

4.67 

1.16 

5,51. 

7.35 

5.67 

1.16 

5.26 

6.91 

6.67 

1.16 

5.11 

6.59 

7.67 

1.16 

AMDF 

SDDF 

FFERDS 

SDRD 

7.26 

10.30 

7.46 

1.20 

7.21 

10.89 

4. .62 

1.08 

6.65 

9.73 

5.62 

1.08 

6.16 

8.84 

6.62 

1.08 

5.75 

8.46 

7.62 

1.08 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  6  RANGE:  8000M  PER:  27M  PED:  4M 
PROBABILITY  OF  ERROR  IN  MAXIMUM  ERROR  REGION  P:0.25 


ANGLE  T:  600 jrf 


METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

47.75 

41.18 

64.20 

17.99 

31.89 

9.53 

3.02 

RM3 

30.71 

25.96 

33.07 

12.72 

17.34 

4.65 

1.03 

RM4 

27.58 

23.58 

30.41 

11.28 

15.39 

5.65 

1.03 

RM5 

24.70 

21.22 

27.63 

10.09 

13.50 

6.65 

1.03 

RM6 

22.99 

19.97 

25.90 

9.07 

12.13 

7.65 

1.03 

ANGLE  T: 

METHOD 

800pf 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

27.89 

20.86 

26.40 

15.37 

21.12 

11.03 

3.03 

RM3 

27.44 

20.57 

25.71 

15.22 

20.13 

6.23 

2.15 

RM4 

26.02 

20.09 

24.59 

13.64 

18.12 

7.62 

2.30 

RM5 

23.59 

18.13 

22.11 

12.54 

16.82 

8.97 

2.40 

RM6 

21.68 

16.84 

21.20 

11.27 

15.39 

10.25 

2.46 

ANGLE  T: 

METHOD 

1600jrf 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

41.32 

19.82 

25 . 79 

31.64 

44.54 

7.21 

0.79 

RM3 

37.89 

29.59 

25.84 

27.10 

36.54 

4.45 

0.78 

RM4 

35.12 

19.05 

23.74 

25.37 

34.71 

5.45 

0.78 

RM5 

33.24 

18.07 

22.69 

23.86 

32.70 

6.45 

0.78 

RM6 

30.62 

16.82 

21.24 

21.88 

30.18 

7.45 

0.78 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  i 

(3  RANGE:  10000M  PER 

:  34M 

PED: 

5M 

PROBABILITY  OF  ERROR  IN 

MAXIMUM 

ERROR 

REGION 

P:0.25 

ANGLE  T: 

lorf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

27.63 

25.84 

32.40 

7.31 

9.25 

7.30 

0.88 

RM3 

27.20 

25.72 

33.35 

6.79 

8.48 

4.80 

1.24 

RM4 

26.21 

24.31 

31.38 

7.61 

9.37 

5.86 

1.26 

RMS 

24.39 

22.56 

29.32 

6.78 

8.53 

6.93 

1.28 

RM6 

23.17 

21.23 

27.52 

7.26 

8.81 

8.00 

1.30 

ANGLE  T: 

200 i 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

29.45 

27.58 

35.77 

7.81 

10.63 

7.17 

0.89 

RM3 

29.28 

27.66 

34.47 

7.15 

9.17 

4.56 

0.96 

RM4 

27.09 

25.49 

31.76 

6.93 

8.88 

5.56 

0.96 

RMS 

25.51 

24.06 

30.20 

6.48 

8.37 

6.56 

0.96 

RM6 

24.18 

22.61 

28.42 

6.49 

8.36 

7.  6 

0.96 

ANGLE  T: 

400 jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

34.34 

31.77 

42,84 

9.77 

15.46 

7.71 

1.49 

RM3 

30.86 

28.27 

36.15 

9.29 

12.70 

4.55 

0.96 

RM4 

27.56 

25.38 

31.95 

8.22 

11.16 

5.55 

0.96 

RM5 

25.65 

23.44 

29.67 

7.86 

10.63 

6.55 

0.96 

RM6 

24.20 

22.34 

28.07 

7.33 

9.81 

7.55 

0.96 
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FORWARD  OBSERVER  ERROR  MODEL  NUMBER  2 


CHARGE:  i 

6  RANG1 

i:  10000M  PER:  34M 

PED: 

5M 

PROBABILITY  OF  ERROR  IN 

MAXIMUM  ERROR 

REGION 

P:0.25 

ANGLE  T: 

600jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

56.97 

48.89 

80.14 

21.89 

38.34 

9.48 

2.94 

RM3 

35.80 

30.72 

39.25 

14.60 

19.81 

4.59 

1.00 

RM4 

33.14 

28.59 

36.35 

13.31 

17.70 

5.59 

1.00 

RM5 

31.04 

26.98 

34.38 

12.42 

16.10 

6.59 

1.00 

RM6 

28.53 

24.75 

31.29 

11.50 

14.86 

7.59 

1.00 

ANGLE  T: 

800  rf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

33.45 

24.81 

31.59 

18.48 

26.36 

11.35 

2.15 

RM3 

34.99 

26.32 

32.57 

19.13 

25.15 

6.22 

1.94 

RM4 

31.81 

24.23 

30.05 

16.91 

22.64 

7.56 

2.03 

RM5 

29.63 

22.28 

27.64 

16.20 

21.43 

8.92 

2.14 

RM6 

27.94 

21.01 

26.03 

15  22 

19.87 

10.25 

2.26 

ANGLE  T: 

1600jrf 

METHOD 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

FFERDS 

SDRD 

C 

47.29 

25.20 

32.62  ' 

33.98 

47.16 

7.30 

0.94 

RM3 

44.96 

23.97 

29.96 

33.11 

45.32 

4.43 

0.70 

RM4 

42.43 

22.41 

28.56 

30.99 

43.10 

5.43 

0.70 

RM5 

40.40 

21.45 

26.90 

29.62 

41.03 

6.43 

0.70 

RM6 

38.21 

20.94 

26.11 

27.59 

38.51 

7.43 

0.70 
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APPENDIX  D:  TABULATED  RESULTS  OF  THE  X-BAR  PROCEDURE 


The  tabulated  results  are  generated  from  the  computer 
simulation  (described  in  Section  IV)  for  the  precision  fire 
procedure  recommended  if  the  forward  observer  is  equipped 
with  the  AN/GVS-3  Laser  Range  Finder.  The  contents  of  this 
Appendix  are  keyed  to  the  laser  system  errors  in  ranging  and 
deviation  measurements  of  the  actual  bursts.  In  all  instan¬ 
ces  a  uniform  distribution  for  errors  is  employed.  The 
specific  results  may  be  found  on  the  following  pages: 


The  no  error  results  pages  135  to  139 

Range  error=l‘10  meters  pages  140  to  144 

Deflection  error=t2  mils 


Range  error=?20  meters  pages  145  to  149 

Deflection  error=±4  mils 


Range  error=±40  meters  pages  150  to  154 

Deflection  error=±8  mils 


The  abbreviations  used  in  the  tables  are  as  follows: 

RAD  -The  average  radial  miss  distance. 

AMRG-The  average  absolute  miss  distance  in  range 
AMDF-The  average  absolute  miss  distance  in  deviation 

I 

SDRG-The  standard  deviation  of  the  range  miss  component 
SDDF-The  standard  deviation  of  the  deflection  miss  component, 
note:  the  numbers  appearing  under  the  ROUNDS  column  corres¬ 
pond  to  the  actual  number  of  rounds  lased  to  attain  estimate 
of  true  target  center  location. 
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LASER  RANGE  FINDER  DATA 


CHARGE 

RANGE 

:  5GB  RANGE 

ERROR:  OM 

:  2000M 

DEVIATION 

PER:  7M  PED: 

ERROR:  0/ 

1M 

ROUNDS  ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10/ 

3.99 

3.80 

5.02 

1.03 

1.27 

5 

If 

3.61 

3.44 

4.54 

0.99 

1.23 

6 

It 

3.44 

3.27 

4.28 

0.99 

1.22 

4 

2  00/ 

4.17 

3.97 

5.19 

1.03 

1.28 

5 

11 

3.80 

3.59 

4.67 

1.00 

1.24 

6 

II 

3.58 

3.38 

4.41 

0.99 

1.23 

4 

400/ 

4.15 

3.94 

5.19 

1.01 

1.27 

5 

it 

3.66 

3.44 

4.57 

0.99 

1.23 

6 

ti 

3.41 

3.21 

4.27 

0.97 

1.21 

4 

600/ 

4.39 

4.18 

5.46 

1.01 

1.25 

5 

•  1 

3.90 

3.69 

4.86 

1.00 

1.23 

6 

tl 

3.56 

3.36 

4.44 

0.99 

1.23 

4 

800/ 

4.30 

4.07 

5.35 

0.95 

1.19 

5 

If 

3.95 

3.73 

4.89 

0.94 

1.17 

6 

If 

3.61 

3.39 

4.44 

0.94 

1.17 

4 

1600/ 

4.20 

3.96 

5.18 

0.97 

1.20 

5 

If 

3.76 

3.53 

4.67 

0.95 

1.18 

6 

If 

3.58 

3.34 

4.44 

0.95 

1.18 
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LASER 

range  finder 

DATA 

CHARGE 

:  5GB  RANGE 

:  6000M 

RANGE 

ERROR:  OM 

DEVIATION 

ROUNDS  ANGLE  T 

RAD 

4 

lOjrf 

8.34 

5 

ff 

7.54 

6 

If 

6.80 

4 

200/ 

8.20 

5 

f« 

7.65 

6 

«f 

7.14 

4 

400/ 

8.32 

5 

ff 

7.  70 

6 

ff 

7.14 

4 

600/ 

8.44 

5 

ff 

7.67 

6 

fl 

6.97 

4 

eoojrf 

8.27 

5 

ff 

7.32 

6 

ff 

6.78 

4 

1600jrf 

8.36 

5 

ff 

7.73 

6 

ff 

7.12 

EER : 

13M  PED: 

3M 

ERROR 

:  0/ 

AMRG 

SDRG 

AMDF 

SDDF 

7.94 

9.81 

2.64 

3.30 

7.06 

8.91 

2.62 

3.28 

6.23 

7.91 

2.62 

3.28 

7.72 

9.59 

2.73 

3.38 

7.19 

8.80 

2.70 

3.34 

6.63 

8.08 

2.70 

3.34 

7.85 

9.84 

2.70 

3.36 

7.24 

8.94 

2.68 

3.34 

6.63 

8.09 

2.68 

3.34 

8.13 

10.11 

2.50 

3.13 

7.32 

9.07 

2.48 

3.10 

6.54 

8.17 

2.47 

3.08 

7.84 

9.76 

2.65 

3.31 

6.90 

8.48 

2.62 

3.26 

6.27 

7.77 

2.62 

3.26 

7.91 

9.90 

2.69 

3.32 

7.29 

8.93 

2.67 

3.30 

j.  62 

8.09 

2.67 

3.29 
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LASER  RANGE  FINDER  DATA 

CHARGE:  5WB  RANG-:  5500M  PER:  20M  PED:  3M 


RANGE  ERROR:  OM 

DEVIATION 

ERROR: 

0/ 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOfrf 

12.32 

12.20 

15.15 

2.52 

3.13 

5 

It 

11.18 

11.03 

13.76 

2.49 

3.09 

6 

ft 

10.41 

10.21 

12.51 

2.47 

3.07 

4 

200  / 

12.09 

11.90 

14.78 

2.55 

3.15 

5 

«« 

10.77 

10.51 

13.16 

2.51 

3.09 

6 

it 

9.70 

9.44 

11.83 

2.49 

3.07 

4 

400/ 

11.65 

11.50 

14.45 

2.53 

3.15 

5 

If 

10.69 

10.47 

13.34 

2.48 

3.10 

6 

«f 

10.02 

9.80 

12.35 

2.46 

3.08 

4 

600/ 

11.87 

11.72 

14.68 

2.49 

3.10 

5 

•f 

10.67 

10.46 

13.25 

2.45 

3.05 

6 

ft 

9.95 

9.75 

12.24 

2.42 

3.01 

4 

800/ 

11.74 

11.65 

14.67 

2.39 

2.98 

5 

ff 

10.85 

10.69 

13.41 

2.36 

2.94 

6 

ft 

9.97 

9.73 

12.33 

2.36 

2.93 

4 

1600/ 

11.78 

11.66 

14.61 

2.43 

3.05 

5 

ft 

10.81 

10.64 

13.31 

2.42 

3.03 

6 

ff 

9.95 

9.72 

12.38 

2.41 

3.02 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6  RANGE:  8000M  PER:  27M  FED:  4M 


RANGE  ERROR:  OM 

DEVIATION 

ERROR: 

0/ 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

16.67 

16.31 

20.54 

3.42 

4.26 

5 

ff 

14.71 

14.32 

18.01 

3.37 

4.18 

6 

ft 

13.37 

12.88 

16.30 

3.37 

4.18 

4 

200rf 

15.68 

15.23 

19.00 

3.47 

4.31 

5 

ff 

14.02 

13.55 

16.93 

3.44 

4.27 

6 

ff 

12.98 

12.46 

15.66 

3.44 

4.27 

4 

400frf 

16.60 

16.14 

20.28 

3.51 

4.37 

5 

ff 

14.83 

14.32 

17.92 

3.47 

4.33 

6 

ff 

13.99 

13.50 

16.56 

3.47 

4.33 

4 

600frf 

16.75 

16.47 

20.44 

3.24 

4.01 

5 

ff 

15.07 

14.78 

18.24 

3.20 

3.94 

6 

ff 

13.61 

13.19 

16.62 

3.20 

3.94 

4 

800jrf 

16.99 

16.63 

20.86 

3.43 

4.27 

5 

ff 

15.42 

15.02 

18.74 

3.38 

4.22 

6 

ff 

13.88 

13.43 

16.68 

3.37 

4.20 

4 

1600jrf 

16.45 

1600 

20.45 

3.43 

4.34 

5 

ff 

14.90 

14.45 

18.17 

3.37 

4.24 

6 

ff 

13.27 

12.73 

15.98 

3.37 

4.24 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6 

RANGE : 

10000M 

PER:  34M  PED: 

5M 

RANGE  ERROR:  OM 

DEVIATION  ERROR: 

Ofrf 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lorf 

20.16 

19.51 

24.53 

4.25 

5.21 

5 

ff 

18.10 

17.47 

21.65 

4.23 

5.18 

6 

ff 

16.57 

15.86 

19.74 

4.23 

5.18 

4 

200jrf 

19.75 

19.04 

24.20 

4.27 

5.37 

5 

18.50 

17.85 

22 . 23 

4.21 

5.28 

6 

If 

16.88 

16.14 

20.08 

4.18 

5.24 

4 

400jrf 

20.09 

19.41 

24.33 

4.28 

5.38 

5 

If 

18.30 

17.70 

21.96 

4.26 

5.35 

6 

If 

17.19 

16.51 

20.30 

4.26 

5.35 

4 

600jrf 

20.90 

20.33 

25.35 

4.32 

5.43 

5 

II 

18.79 

18.13 

22.61 

4.28 

5.36 

6 

If 

17.22 

16.47 

20.67 

4.27 

5.35 

4 

800frf 

20.22 

19.59 

24.65 

4.26 

5.29 

5 

If 

18.73 

18.09 

22.51 

4.24 

5.27 

6 

II 

17.14 

16.41 

20.31 

4.24 

5.27 

4 

1600^ 

20.95 

20.30 

25.35 

4.20 

5.28 

5 

II 

18.34 

17.70 

22.22 

4.15 

5.22 

6 

II 

17.31 

16.66 

20.64 

4.15 

5.22 
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LASER  RANGE  FINDER  DATA 


CHARGE:  5GB  RANGE:  200M  PER:  7M  PED:  1M 
RANGE  ERROR:  10M  DEVIATION  ERROR:  2^ 


ROUNDS 

ANGLE 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

4.92 

4.  66 

5.80 

1.57 

1.93 

5 

«« 

4.15 

3.99 

5.02 

1.48 

1.84 

6 

tf 

3.96 

3.71 

4.66 

1.37 

1.71 

4 

200pf 

5.17 

4.92 

6.11 

1.66 

2.05 

5 

«• 

4.68 

4.42 

5.47 

1.56 

1.93 

6 

«« 

4.29 

4.03 

4.99 

1.47 

1.81 

4 

400rf 

5.12 

4.79 

5.97 

1.78 

2.19 

5 

ii 

4.53 

4. 24 

5.32 

1 . 60 

2,00 

6 

ii 

4.18 

3.90 

4.81 

1.50 

1.83 

4 

600/ 

4.83 

4,48 

5.74 

1.84 

2.23 

5 

ft 

4.45 

4.11 

5.20 

1 . 69 

2.08 

6 

ft 

4.15 

3.82 

4.77 

1.60 

1.98 

4 

800jrf 

4.84 

4.39 

5.48 

2.13 

2.61 

5 

If 

4.29 

3.85 

4.82 

1.91 

2.35 

6 

ft 

3.92 

3.49 

4.36 

1.79 

2.23 

4 

1600jif 

4.83 

4.14 

5.24 

2.50 

3.07 

5 

ti 

4.36 

3.82 

4.78 

2.27 

2.77 

6 

ii 

4.12 

3.54 

4.42 

2.12 

2.60 
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LASER 

RANGE  FINDER 

DATA 

CHARGE 

:  5GB  RANGE 

:  GOOOM 

PER:  13M  PED: 

3M 

RANGE 

ERROR:  10M 

DEVIATION  ERROR: 

2j4 

ROUNDS  ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10/rf 

8.70 

8.20 

10.40 

2.81 

3.50 

5 

fl 

7.74 

7.21 

9.15 

2.77 

3.46 

6 

u 

7.21 

6.64 

8.42 

2.77 

3.46 

4 

200/rf 

8.59 

8. 13 

10.06 

2.74 

3.42 

5 

19 

7.53 

6.99 

8.85 

2.70 

3.35 

6 

IV 

7.05 

6.50 

8.23 

2.68 

3.32 

4 

400frf 

8.58 

8.10 

10.09 

2.88 

3.62 

5 

•• 

7.74 

7.26 

9.00 

2.78 

3.48 

6 

*i 

6.87 

6.29 

7.92 

2.77 

3.47 

4 

600jrf 

8.39 

7.71 

9.48 

3.13 

3.95 

5 

ff 

7.71 

7.02 

8.71 

3.03 

3.80 

6 

If 

7.13 

6.36 

7.98 

3.01 

3.77 

4 

800jrf 

8.39 

7.68 

9.79 

3.17 

3.93 

5 

91 

7.67 

6.95 

8.88 

3.05 

3.75 

6 

99 

7.17 

6.36 

8.17 

3.00 

3.69 

4 

1600frf 

8.30 

7.39 

9.45 

3.46 

4.37 

5 

99 

7.37 

6.52 

8.26 

3.21 

4.06 

6 

99 

7.06 

6.20 

7.89 

3.17 

3.99 
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LASER  RANGE  FINDER  DATA 


CHARGE:  5WB  RANGE:  5500M  PER:  20M  FED:  3M 


RANGE  ERROR:  10M 

DEVIATION 

ERROR: 

H 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

11.98 

11.68 

14.73 

2.72 

3.42 

5 

If 

11.07 

10.75 

13.39 

2.69 

3.35 

6 

ft 

9.98 

9.74 

12.05 

2.64 

3.29 

4 

200jif 

12.08 

11.84 

14.84 

2.66 

3.33 

5 

ii 

10.92 

10.65 

13.53 

2.59 

3.24 

6 

ii 

10.17 

9.96 

12.51 

2.53 

3.16 

4 

400j<f 

12.09 

11.76 

14.86 

2.88 

3.59 

5 

ii 

10.71 

10.39 

12.96 

2.79 

3.49 

6 

•i 

10.01 

9.67 

12.25 

2.72 

3.39 

4 

600frf 

12.09 

11.74 

14.70 

2.99 

3.73 

5 

If 

11.11 

10.81 

13.45 

2.85 

3.53 

6 

ff 

10.49 

10.17 

12.62 

2.79 

3.46 

4 

800jrf 

12.47 

12.05 

15.14 

3.10 

3.88 

5 

ii 

11.23 

10.81 

13.51 

2.97 

3.71 

6 

•i 

10.17 

9.76 

12.14 

2.93 

3.65 

4 

1600jrf 

12.73 

12.17 

15.27 

3.33 

4.22 

5 

ii 

11.59 

11.04 

13.85 

3.21 

4.05 

6 

ii 

10.71 

10.21 

12.70 

3.11 

3.90 
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LASER  RANGE  FINDER  DATA 

CHARGE:  6  RANGE:  8000M  PER:  27M  FED:  4M 
RANGE  ERROR:  10M  DEVIATION  ERROR:  2 jrf 


ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

15.94 

15.45 

19.49 

3.51 

4.39 

5 

ft 

14.68 

14.23 

17.45 

3.48 

4.33 

6 

tf 

13.25 

12.73 

15.77 

3.47 

4.30 

4 

200rf 

15.95 

15.45 

19.14 

3.73 

4.65 

5 

«i 

14.23 

13.61 

16.98 

3.66 

4.57 

6 

ii 

13.04 

12.30 

15.48 

3.65 

4.56 

4 

400jrf 

16.03 

15.46 

19.41 

3.66 

4.55 

5 

ii 

14.77 

14.24 

17.76 

3.58 

4.44 

6 

ii 

13.63 

13.12 

16.16 

3.54 

4.41 

4 

600jrf 

16.46 

15.77 

20.20 

3.91 

4.94 

5 

If 

14.69 

13.98 

17.83 

3.78 

4.81 

6 

«« 

13.53 

12.81 

16.25 

3.73 

4.76 

4 

800jrf 

17.15 

16.56 

20.72 

3.87 

4.90 

5 

ft 

15.51 

14.91 

18.60 

3.72 

4.71 

6 

ff 

14.16 

13.55 

16.97 

3.68 

4.62 

4 

1600frf 

16.26 

15.55 

19.40 

4.11 

5.13 

5 

ff 

14.51 

13.78 

17.32 

3.93 

4.92 

6 

ft 

13.28 

12.52 

15.58 

3.88 

4.87 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6  RANGE:  10000M  PER:  34M  PED:  5M 
RANGE  ERROR:  10M  DEVIATION  ERROR:  2 / 


ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

20.70 

20.00 

25.38 

4.49 

5.65 

5 

fl 

18,85 

18.06 

22.65 

4.40 

5.53 

6 

If 

17.68 

16.83 

21.01 

4.38 

5.51 

4 

200jrf 

22.13 

21.35 

27.14 

4.55 

5.67 

5 

ft 

20.05 

19.32 

24.40 

4.48 

5.59 

6 

ft 

18.10 

17.21 

21.80 

4.46 

5.57 

4 

400jrf 

20.46 

19.62 

25.05 

4.68 

5.88 

5 

ii 

18.69 

17.86 

22.45 

4.55 

5.71 

6 

it 

17.58 

16.65 

20.80 

4.53 

5.69 

4 

600jrf 

19.89 

19.06 

24.24 

4.61 

5.85 

5 

ff 

18.42 

17.66 

22.11 

4.55 

5.77 

6 

ft 

17.00 

16.07 

20.12 

4.53 

5.75 

4 

eoojtf 

21.10 

20,46 

25.70 

4.33 

5.51 

5 

If 

18.69 

17.98 

22.62 

4.30 

5.43 

6 

ff 

17.15 

16.42 

20.37 

4.27 

5.39 

4 

1600/rf 

20.50. 

19.58 

24.69 

4.82 

6.02 

5 

ii 

18.32 

17.51 

21.81 

4.62 

5.76 

6 

u 

16.65 

15.78 

19.51 

4.59 

5.73 
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LASER  RANGE  FINDER  DATA 

CHARGE:  5GB  RANGE:  2000M  PUR:  7M  PED:  1M 
RANGE  ERROR:  20M  DEVIATION  ERROR:  4/ 


ROUNDS 

ANGLE  T 

RAD 

4 

10/ 

6.41 

5 

If 

5.58 

6 

ft 

5.07 

4 

200/ 

6.37 

5 

it 

5.53 

6 

it 

4.98 

4 

400/ 

6.15 

5 

ff 

5.59 

6 

ft 

5.07 

4 

600/ 

6.55 

5 

ff 

5.85 

6 

ft 

5.37 

4 

800/ 

6.72 

5 

ff 

5.97 

6 

ff 

5.35 

4 

1600 / 

6.93 

5 

ff 

6,04 

6 

ft 

5.40 

AMRG 

SDRG 

AMDF 

SDDF 

6.03 

7.71 

2.42 

3.00 

5.24 

6.64 

2.21 

2.72 

4.74 

6.03 

2.12 

2.60 

5.78 

7.19 

2.70 

3.32 

5.08 

6.36 

2.39 

2.98 

4.57 

5.74 

2.24 

2.78 

5.49 

6.87 

2.77 

3.47 

5.07 

6.33 

2.50 

3.13 

4.65  • 

5.80 

2.27 

2.86 

5.74 

7.09 

3.22 

3.95 

5.16 

6.36 

2.88 

3.56 

4.74 

5.83 

2.72 

3.38 

5.58 

7.00 

3.62 

4.56 

4.96 

6.26 

3.23 

4.12 

4.43 

5.61 

2.98 

3.80 

4.98 

6.21 

4.52 

5.66 

4.37 

5.46 

3.84 

5.46 

3.99 

4.97 

3.57 

4.50 
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LASER  RANGE  FINDER  DATA 


CHARGE: 

5GB  RANGE: 

6000M 

PER:  13M  PED: 

3M 

RANGE  ERROR:  20M 

DEVIATION 

ERROR: 

4/ 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10/ 

9.99 

9.22 

11.49 

3.51 

4.25 

5 

•t 

8.92 

8.22 

10.18 

3.26 

3.97 

6 

tf 

8.22 

7.45 

9.39 

3.19 

3.89 

4 

200/ 

9.30 

8.44 

10.57 

3.44 

4.30 

5 

ft 

8.38 

7.53 

9.53 

3.27 

4.09 

6 

ft 

7.61 

6.76 

8.57 

3.19 

4.01 

4 

400/ 

9.39 

8.31 

10,40 

3.90 

4.85 

5 

tf 

8.64 

7.64 

9.47 

3.46 

4.53 

6 

ft 

7.94 

6.95 

8.66 

3.53 

4.40 

4 

600/ 

9.66 

8.41 

10.60 

4.06 

5.08 

5 

ft 

8.74 

7.73 

9.52 

"3.71 

4.72 

6 

•  t 

7.88 

6.85 

8.59 

3.55 

4.51 

4 

800/ 

10,30 

9.01 

11.28 

4.27 

5.41 

5 

tf 

9.18 

8.08 

9.90 

3.95 

5.01 

6 

tf 

8.35 

7.27 

8.98 

3.76 

4.74 

4 

1600/ 

10.07 

8.22 

10.25 

5.10 

6.34 

5 

<t 

9.05 

7.48 

9.10 

4.57 

5.67 

6 

ti 

8.15 

6.66 

8.25 

4.25 

5.27 
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LASER  RANGE  FINDER  DATA 


CHARGE:  5WB  RANGE:  5500M  PER:  20M  PED:  13M 
RANGE  ERROR:  20M  DEVIATION  ERROR:  4jrf 


ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10|rf 

13.55 

13.01 

16.13 

3,58 

4.43 

5 

it 

11.83 

11.31 

14.07 

3.32 

4.13 

6 

ii 

10.79 

10.28 

12.91 

3.14 

3.91 

4 

200jrf 

13.35 

12.75 

15.80 

3.63 

4.50 

5 

♦i 

12.03 

11.49 

14.21 

3.38 

4.19 

6 

41 

10.71 

10.20 

12.81 

3.20 

3.96 

4 

400jrf 

12.80 

12.16 

15.34 

3.60 

4.46 

5 

ii 

11.40 

10.79 

13.54 

3.40 

4.25 

6 

ii 

10.81 

10.25 

12.77 

3.25 

4.05 

4 

600j»f 

12.75 

11.87 

15.07 

3.90 

4.84 

5 

If 

11.48 

10.65 

13.47 

3.70 

4.64 

6 

It 

10.23 

9.52 

11.92 

3.46 

4.30 

4 

800jrf 

13.20 

12.16 

15.07 

4.38 

5.48 

5 

ii 

11.65 

10.59 

13.27 

4.05 

5.07 

6 

it 

10.44 

9.46 

12.08 

3.82 

4.79 

4 

1600jrf 

13.23 

11.72 

14.57 

5.18 

6.41 

5 

ii 

12.17 

11.00 

13.45 

4.53 

5.63 

6 

ii 

10.94 

9.85 

12.30 

4.19 

5.19 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6 

RANGE: 

8000M 

PER:  27M 

PED: 

4M 

RANGE  ERROR:  20M 

DEVIATION  ERROR: 

4/ 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10/ 

17.29 

16.70 

20.78 

3.96 

4.88 

5 

If 

15.91 

15.33 

19.08 

3.80 

4.68 

6 

If 

14.32 

13.66 

17.11 

3.80 

4.69 

4 

200 / 

16.69 

15.91 

19.87 

4.25 

5.25 

5 

ft 

14.90 

14.14 

17.41 

4.11 

5.09 

6 

IV 

13.65 

12.81 

15.90 

4.00 

4.92 

4 

400/ 

17.45 

16.72 

20.84 

4.31 

5.39 

5 

it 

3  5.95 

15.27 

10.03 

4.07 

5.09 

6 

•« 

14.45 

13.75 

17.03 

3.93 

4.91 

4 

600/ 

16.99 

16.02 

20.24 

4.62 

5.72 

5 

If 

15.73 

14.81 

18.57 

4.43 

5.51 

6 

II 

14.17 

13.22 

16.57 

4.26 

5.30 

4 

800/ 

17.51 

16.46 

20.38 

4.78 

5.99 

5 

If 

15.42 

14.33 

17.94 

4.65 

5.76 

6 

If 

13.98 

12.92 

16.12 

4.43 

5.51 

4 

1600/ 

17.31 

16.04 

19.86 

5.25 

6.63 

5 

If 

15.35 

14.15 

17.64 

4.81 

6.02 

6 

If 

14.10 

12.94 

16.04 

4.61 

5.75 
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laser  range  finder  data 

CHARGE:  6  RANGE:  10000M  PER:  34M  PED:  5M 
RANGE  ERROR:  20M  DEVIATION  ERROR:  4/ 


ROUNDS 

ANGLE  T 

RAD 

4 

10/ 

21.55 

5 

n 

20.15 

6 

It 

18.58 

4 

200/ 

21.42 

5 

If 

19.67 

6 

II 

17.88 

4 

400/ 

22.21 

5 

ti 

19.98 

6 

18.28 

4 

600/ 

20.70 

5 

It 

18.62 

6 

II 

17.46 

4 

boo/ 

20.38 

5 

It 

18.65 

6 

It 

17.16 

4 

1600frf 

21.10 

5 

ti 

19.06 

6 

ii 

17.73 

AMRG 

SDRG 

AMDF 

SDDF 

20.76 

26.16 

4.71 

5.93 

19.32 

24.24 

4.67 

5.88 

17.61 

21.22 

4.62 

5.80 

20.48 

25.69 

5.09 

6.38 

18.74 

23.38 

4.89 

6.12 

16.89 

21.06 

4.84 

6.07 

21.19 

26.33 

5.14 

6.40 

19.00 

23.59 

5.00 

6.23 

17.20 

21.59 

4.98 

6.20 

19.58 

24.59 

5.33 

6.64 

17.41 

22.06 

5.17 

6.44 

16.24 

20.42 

5.12 

6.38 

19.18 

24.09 

5.48 

6.93 

17.58 

21.65 

5.14 

6.45 

16.06 

19.73 

5.00 

6.34 

19.43 

24.58 

6.41 

7.97 

17.46 

21.97 

6.05 

7.59 

16.12 

20.28 

5.75 

7.23 
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LASER  RANGE  FINDER  DATA 


CHARGE 

RANGE 

:  5GB  RANGE 

ERROR:  40M 

:  2000M 

DEVIATION 

PER:  7M 

ERROR: 

PED: 

8/ 

1M 

ROUNDS  ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

10jn 

10.86 

9.36 

11.93 

4.69 

5.85 

5 

ft 

9.57 

8.35 

10.55 

4.18 

5.24 

6 

It 

8.56 

7.50 

9.48 

3.74 

4.67 

4 

200frf 

11.41 

9.81 

12.22 

5.06 

6.25 

5 

tf 

9.98 

8.71 

10.98 

4.31 

5.42 

6 

ft 

8.99 

7.81 

9.85 

4.01 

5.06 

4 

400jrf 

11.20 

9.26 

11.77 

5.57 

6.90 

5 

9.93 

8.30 

10.51 

4.88 

6.12 

6 

«• 

8.95 

7.61 

9.54 

4.37 

5.50 

4 

600jrf 

11.72 

8.95 

11.37 

6.69 

8.45 

5 

ft 

10.42 

8.03 

10.10 

‘5.95 

7.61 

6 

ft 

9.17 

7.16 

9.08 

5.18 

6.68 

4 

800jrf 

11.08 

8.01 

10.04 

7.02 

8.85 

5 

ft 

9.70 

7.03 

8.75 

6.26 

7.96 

6 

ft 

8.78 

6.34 

7.99 

5.70 

7.26 

4 

1600frf 

11.09 

5.97 

7.37 

8.65 

10.99 

5 

ft 

9.80 

5.26 

6.55 

7.70 

9.81 

6 

tf 

8.83 

4.78 

5.89 

7.01 

8.92 
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LAS12R  RANGE  FINDER  DATA 


CHARGE:  5GB  RANGE :  6000M  PER:  13M  PED:  3M 
RANGE  ERROR:  40M  DEVIATION  ERROR:  8j A 


ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOfrf 

13.71 

12.28 

15.24 

5.20 

6.40 

5 

If 

12.30 

11.01 

13.67 

4.73 

5.90 

6 

«« 

11.01 

9.79 

12.29 

4.35 

5.43 

4 

200f<i 

12.96 

11.33 

14.29 

5.34 

6.77 

5 

It 

11.65 

10.20 

12.75 

4.83 

6.15 

6 

•  « 

10.72 

9.42 

11.82 

4.44 

5.62 

4 

400jrf 

13.07 

10.99 

13.87 

6.04 

7.58 

5 

If 

11.57 

9.91 

12.40 

5.24 

6.63 

6 

tf 

10.47 

8.95 

11.10 

4.78 

6.07 

4 

600|rf 

14.24 

11.62 

14.38 

7.00 

8.78 

5 

It 

12.72 

10.41 

12.93 

6.20 

7.83' 

6 

f« 

11.67 

9.58 

11.99 

5.68 

7.18 

4 

BOOflf 

13.23 

10.04 

12.78 

7.45 

9.42 

5 

ft 

11.55 

8.77 

11.12 

6.56 

8.33 

6 

19 

10.60 

8.05 

10.24 

6.12 

7.80 

4 

1600jrf 

13.78 

8.97 

11.26 

9.10 

11.50 

5 

it 

12.34 

8.35 

10.30 

7.95 

10.16 

6 

ii 

11.17 

7.56 

9.44 

7.28 

9.15 
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LASER 

RANGE  FINDER 

DATA 

CHARGE 

:  5WB  RANGE 

:  5500M 

PER:  20M  PED: 

3M 

RANGE 

ERROR:  40M 

DEVIATION  ERROR: 

ROUNDS  ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

16.26 

15.07 

18.74 

5.06 

6.21 

5 

ff 

14.45 

13.40 

16.91 

4.60 

5.68 

6 

ff 

12.90 

11.91 

14.97 

4.19 

5.21 

4 

200frf 

16.69 

15.35 

19.08 

5.47 

6.77 

5 

ff 

14.64 

13.46 

16.79 

4.86 

6.03 

6 

ft 

13.35 

12.21 

15.40 

4.61 

5.66 

4 

400frf 

16.58 

14.66 

18.61 

6.16 

7.74 

5 

it 

14.45 

32.99 

16.45 

5.43 

6.71 

6 

»» 

13.04 

11.58 

14.58 

5.10 

6.33 

4 

600jrf 

16.79 

14.54 

18.12 

6.96 

8.62 

5 

ff 

14.65 

12.58 

15.79 

6.17 

7.71 

6 

ff 

13.52 

11.72 

14.59 

5.62 

6.98 

4 

800jrf 

17.19 

14.07 

17.73 

8.26 

10.10 

5 

ff 

15.03 

12.35 

15.59 

7.27 

9.00 

6 

If 

13.56 

11.10 

14.07 

6.67 

8.32 

4 

1600jrf 

16.57 

12.45 

15.56 

9.30 

11.59 

5 

ft 

14.85 

11.22 

14.08 

8.10 

10.17 

6 

ff 

13.84 

10.38 

12.93 

7.75 

9.67 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6 

RANGE: 

8000M 

PER:  27M 

PED: 

4M 

RANGE  ERROR:  40M 

DEVIATION  ERROR: 

8jrf 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

19.82 

18.39 

23.11 

5.76 

7.14 

5 

ff 

17.97 

16.70 

20.88 

5.34 

6.62 

6 

ff 

16.19 

14.98 

18.69 

5.11 

6.34 

4 

200frf 

18.75 

17.24 

22.01 

5.89 

7.27 

5 

ff 

17.42 

16.00 

20.29 

5.59 

6.88 

6 

ff 

16.25 

14.88 

18.97 

5.27 

6.50 

4 

400|rf 

19.43 

17.78 

22.29 

6.20 

7.74 

5 

«• 

17.02 

15.45 

19.23 

5.82 

7.21 

6 

15.81 

14.43 

17.82 

5.40 

6.69 

4 

600frf 

19.63 

17.40 

21.85 

7.17 

8.95 

5 

ff 

17.61 

15.64 

19.39 

6.58 

8.22 

6 

ff 

16.48 

14.62 

18.11 

6.20 

7.72 

4 

800jrf 

19.91 

17.19 

21.33 

8.24 

10.02 

5 

ff 

17.27 

14.77 

18.59 

7.13 

8.98 

6 

ff 

15.80 

13.47 

16.88 

6.62 

8.39 

4 

1600jrf 

20.80 

16.79 

20.98 

9.81 

12.25 

5 

ff 

18.80 

15.16 

18.84 

9.18 

11.30 

6 

ff 

16.80 

13.44 

17.03 

8.22 

10.28 
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LASER  RANGE  FINDER  DATA 


CHARGE:  6 

RANGE: 

10000M 

PER:  34M 

PED: 

5M 

RANGE  ERROR:  40M 

DEVIATION  ERROR: 

8pf 

ROUNDS 

ANGLE  T 

RAD 

AMRG 

SDRG 

AMDF 

SDDF 

4 

lOjrf 

22.75 

21.19 

26.90 

6.35 

7.93 

5 

ft 

20.70 

19.31 

24.14 

5.89 

7.39 

6 

tv 

19.34 

17.99 

22.49 

5.66 

7.07 

4 

200^ 

23.33 

21.66 

27.10 

6.64 

8.16 

5 

ft 

20.78 

19.20 

24.37 

6.12 

7.56 

6 

•» 

19.39 

17.85 

22.71 

5.88 

7.30 

4 

400pf 

23.26 

21.08 

26.50 

7.44 

9.34 

5 

•• 

20.88 

19.00 

23.91 

6.74 

8.45 

6 

»i 

19.14 

17.38 

22.01 

6.24 

7.82 

4 

600pf 

24.25 

22.14 

27.50 

7.87 

9.72 

5 

ft 

21.52 

19.49 

24.41 

7.06 

8.85 

6 

«l 

19.88 

18.04 

22.52 

6.56 

8.32 

4 

800pf 

22.73 

20.21 

25.25 

8.07 

9.93 

5 

ft 

20.89 

18.85 

23.16 

7.31 

9.18 

6 

ft 

19.38 

17.31 

21.71 

6.97 

8.80 

4 

1600pf 

23.25 

19.60 

24.70 

9.85 

12.32 

5 

ft 

21.09 

17.84 

22.41 

9.04 

11.07 

6 

ff 

19.67 

16.61 

20.67 

8.47 

10.36 
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APPENDIX  £  FM  6-40  AND  RDBB 1 NS-KCNRC  CNE  ROUNC  FRECISICN 
FIRE  SIMULATION  PROGRAM  L  1ST ING{ S I MF L E  MODEL  1 

THE  PURPOSE  OF  THIS  APPENDIX  IS  TC  PROVIDE  TFE  COMPUTER 
PROGRAM  LISTINGS  OF  THE  FM  6-40  AND  ROBBINS-MONRC  CNE  ROUND 
PRECISION  FIRE  TECHNIQUES  DESCRIBED  IN  SECTION  IV. TFE  ALPHA¬ 
BETICAL  LISTING  /NO  DESCRIPTION  OF  VARIABLE  NAMES  COMMON  TO 
BOTH  PROGRAMS  15  AS  FOLLOWS : 

AE  SAV-  AVERAGE  ABSOLUTE  REGISTRATION  RANGE  ERROR 
ACJC1-  REGISTRATION  RANGE  ERROR 
AV-  AVERAGE  REGISTRATION  RANGE  ERROR 

AVRCS-  AVERAGE  NUMBER  CF  FIRE  FCR  EFFECT  ROUNDS 
CEMCR-  THE  MEAN  OF  THE  FORK  BRACKET 
CCLNT-  OBSERVER  SENSING  OF  OVER  ANC  SHORT  ROUNDS 
C 1  f F-  TFE  DIFFERENCE  BETWEEN  OVER  AND  SHCRT  SPOTS 
IK-  POSITIVE  SPOT  INDEX 

IX-  RANDOM  NUMBER  SEED 

J-  MISSION  COUNTER 

Kb-  RANDOM  NUMBER  INDEX 

M-  ADJUSTMENT  PHASE  ROUND  INCfcX 

N-  FIRE  FOR  EFFECT  ROUND  I NCtX 

NF-  POSITIVE  RANGE  SPOT  ROUNC  INDEX 

NITER-  SPECIFIES  THE  NUMBER  OF  ROUNDS  TC  FIRE  FOR 
EACH  PRECISION  MISSION 

NO-  INDEX  FCR  NUMBER  OF  MISSIONS  TO  BE  SIMULATED 

NRCUNO-  SUM  OF  ALL  ROUNCS  FIRED  IN  THE  FIRE  FOR  EFFECT 
PHASE 

NZ-  POSITIVE  RANGE  SPOT  INDEX 

OPi-  OVER  SPOT  CORRESPONDING  TO  RANGE l 

ORZ-  OVER  SPOT  CCRRESPONCING  TC  RANGE2 

OTHER-  APPROPRIATE  ENC  OF  THE  FIRE  FCR  EFFECT  FORK 
BRACKET  AT  WHICH  THE  LAST  TWO  RCLNCS  WERE 
FIRED 

OVER-  OVER  SPOT 

PE-  FCUR  RANGE  PROBABLE  ERRORS (FORK I 

PER-  PROBABLE  ERROR  IN  RANGE  VALUE 

PERR-  PROBABILITY  CF  CBS ERV ER  SENSING  ERRCR 
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RAES- 
R  ANG- 
R ANCA- 
RANGE- 


RANCtl- 


RANGE2- 

RANGSb— 

RG- 


RMI$- 

RNG- 

RSC- 

RLN- 

SC- 


SC  EL¬ 


SE  NS- 

SENSE- 

SH- 

SH2- 

SHIFT- 

SFCRT- 

SfCT- 

SCN- 

TEST- 

TEST1- 

W- 


SUM  OF  REGISTRATION  ABSOLUTE  RANGE  ERRORS 
SUN.  OF  REGISTRATION  RANGE  ERRORS 
SUM  OF  REGISTRATION  ABSOLUTE  RANGE  ERRORS 
THE  DIFFERENCE  BETWEEN  ThE  MEAN  OF  THE  BALLIS¬ 
TIC  DISTRIBUTER  AND  ThE  TRUE  TARGET  CENTER 
THE  BALLISTIC  MEAN  LOCATION  OF  INITIAL  END  CF 
FORK  BRACKET 

THE  BALLISTIC  MEAN  LOCATION  OF  TERMINAL  END  OF 
FORK  bRACKET 

SUM  OF  SQUARES  OF  REGISTRATION  RANGE  ERRORS 
ThE  DIFFERENCE  BETWEEN  BURST  IMPACT  AND  TRUE 
TARGET  CENTER 

SUM  CF  REGISTRATION  RANGE  ERROR 
SEE  RANGE 

SUM  OF  SQUARES  CF  REGISTRATION  RANGE  ERRORS 
NORMAL  N(Oti)  RANDOM  NUMEER 
STANDARD  CEVIAT1UN  OF  AVERAGE  REGISTRATION 
RANGE  ERROR 

STANDARD  DEVIATION  OF  AVERAGE  FIRE  FOR  EFFECT 
ROUNDS 

OBSERVER  SENSING  OF  OVER  AND  SHORT  IMPACTS 
OBSERVER  SENSING  OF  OVER  AND  SHORT  RCLNDS 
SHORT  SPOT  CORRESPONDING  TC  RANGEL 
SHORT  SPOT  CCRR ESPONCI NC-  TC  RANC-E2 
RANGE  SHIFT  FOR  THE  ADJUSTMENT  PHASE 
SHORT  SPOT 

OBSERVER  SENSING  OF  OVER  AND  SHORT  IMPACTS 
SUM  OF  SQUARES  OF  ALL  KCONDS  FIRED  IN  THE  FIRE 
FOR  EFFECT  PHASE 

SPECIFIES  ThE  LAST  RANGE  SHIFT  TO  BE  USED  IN 
THE  ADJUSTMENT  PHASE 

THE  VALUE  CF  THE  RECURSIVE  CONSTANT  FOR  THE 
ROBB INS-MONRC  PROCEDURE 

RANGE  CORRECTION  AFTER  EACH  FIRE  FCR  EFFECT 
ROUND  OF  ROBB INS-MONRO  PROCEDURE 


ZZ-  SPECIFIES  NLMBF.R  OF  USABLE  ROUND  FCR  ROBBINS- 

MCNRG  PROCECURE 
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on  of  no  oooooo  non  onn  non  non  non 


C 

C 


FM  6-40  PRECISION  FIRE  PROGRAM  LISTING  (SIPPLE  MODEL) 

C  IRENS  1CN  SPOT  (50)  .NRCUND (6 ) , ADJC  I  (6 ) . SCN ( 6  ).RMIS(6)  ,R 
1ABSI6)  i  KSU ( 6 )  t  AVkGSI  6)  ,SUKU(o)  ,  AV  (6)  ,  AfaS  AV  (6 )  ,  SO  (6  )  ,  St 
INS  (50 ) 

UNIFORM  U(C,1)  RANDOM  NUMBER  GENERATOR  IS  INITIALIZED 

CALL  CVFLCW 
I >  =  3273  264C3 
K  6=  I 

VECTOR  ARRAYS  ARE  ZEROED  OUT 

CC  70  1=1.6 
AVRDSt I » =  C .0 
S  0  RC ( I ) =0-0 
AfcSAV ( I  )=0.0 
AVI I)=C.C 
NRCUNDI  I)  =  0 
SON ( 1 )=0.0 
RMIS( I )=C.C 
RAfiS ( I ) =0 *0 
PSCII )=C.C 
70  SC(I)=U.O 

PER  VALUE  TO  BE  INVESTIGATED  IS  SET 
PER*20 .0 

NRI TE ( 6  1 8000) PER 

NUMBER  CF  REPLICATIONS  TO  RUN  IS  SPECIFIED 


1 


NC* 1000 
J=0 
J«J+1 
PE=PER*4.0 


DC  76  1*1,6 
ACJCI ( 11=0.0 
76  CONTINUE 
CC  2  1=1, 50 
SENS! I ) =C.C 
2  SPOT ( I ) =C * C 

COUNTERS  APE  ZEROED  OUT 

SHCRT=0.0 

0VER=0. C 

M«0 

N»C 

NF*C 

NZ*0 

CALL  RANDCM(IX,RAN,KB) 

TFE  INITIAL  AIMPOINT  LOCATION  RELATIVE  TC  THE  TARGET 
IS  ESTABLISHED*  THE  INITIAL  AIMPCINTS  WILL  BE  UNIFORM¬ 
LY  DISTRIBUTED  +2UC,  -2C0  METERS  CF  THE  TRUE  TARGET 
CENTER 

RANGE=RAN*2CC.O 
CALL  RANDOM! IX, RAN, KB) 

IF (RAN • LT* *5)RANGE*-RANGE 

TFE  INITIAL  RANGE  SHIFT  FOR  ALL  MISSIONS  IS  2C0 
METERS 

SF  IFT=200.0 
TEST=50  *0 
3 1C  M=M  +  i 

RUN=GRN (C ) 

ACTUAL  IMPACT  LOCATION  IS  COMPUTED 
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noon  nnn  oooo  ooo  rnoo  oono 


RG=RUN*PER/.6745+RANGE 

CESERVtR  DETERMINES  IF  IMPACT  IS  OVER  OR  SHORT  OF  THE 
TARGET 

S  ENS  ( M  )  =RG 
IFIM.GT.11GC  TO  313 
32C  IF(SENd(K) )2ii. 311,312 

311  RANGE=R AN Gfc+ SHIFT 
GO  TO  3 1C 

312  RANGE  =  RANGE- SHI  FT 
GC  TO  310 


OBSERVER  DETERMINES  IF  A  RANGE  BRACKET  HAS  BEEN  ESTAB- 
L  JSHED 

312  IF (SENS  I  MI .GT. 0.0.  AND. SENS(M-l)  .  GT .0.0 . OR .SENS ( K) . LT  .0 
1 .0  .AND .SENS ( M-l ) • LT .0.0) GO  TO  32C 

THE  RANGE  BRACKET  IS  HALVED 

SFIFT*SFIFT*0.5 
IF (SENS  (Ml  1314, 314, 315 

314  RANGE=RANGfc+SHIFT 
GC  TO  316 

315  RANGE=RANGE-SHIFT 

THE  DETERMINATION  TO  ENTER  THE  FIRE  FOR  EFFECT  PHASE 
IS  MADE 

316  I F(SHIFT.GT.TEST  JGO  TO  310 
3  N=N+1 

RLN=GRN(C) 

HG=RUN*PER/ .6745+RANGE 
6C  S  FCT ( N ) =hG 

IF ( SPOT (N) 14,4,5 

ONE  END  CF  THE  FORK  BRACKET  IS  ESTABLISHED 


6 


RANGE l=RANGE 
SF 1 *1  .0 
OR  1*0. 0 
RANGE=RANGE+PE 
GC  TO  6 
RANGEi*RANGE 
CR 1*1 .0 
Shl=0.0 

RANGE=RANGE-PE 
N*N  +  i 

RLN=GRN(0) 

RG=RUN*PER/ .6745+R ANGE 
SFCT ( N ) *RG 


A  DETERMINATION  IS  MADE  TO  SEE  IF  A  FORK  BRACKET  HAS 
BEEN  ACHIEVED 


IF (SPOT (N»  .GT .O.O.AND.SPOT(N-l) .GT .0. 0. OR . SPOT! N) .LT.O 
l.C.AND.SFCT(N-ll.LT .0 .0  JGO  TO  60 
I F ( SPOT (N) 17,7,8 
7  RANGE2=PANGE 
SF2*i.Q 


THE  FORK  BRACKET  IS  SPLIT 

RANGE*R ANGE+PE/2 .0 
GC  TO  5 
B  RANGE2=RANGE 
CP2*1 .0 
SH2*0. 0 

RANGfc=RANGE-PE/2 .0 
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S 

1C 


11 

12 

15 

14 


15 

16 


17 


18 


IS 

2C 

21 

22 


30 


31 


CENTER=PANGE 

THREE  RCLNDS  ARE  FIREC  AT  THE  MEAN  OF  THE  HALF  FORK 
ER ACKET 

N  =  N+1 
NF=NF+ 1 
PLN=GRN (C) 

RG=RUN vRE  k/ . 6745+RANGE 
S  f CT I N ) *RG 
1  F ( SPOT  ( M  )  1 1  1 1 1 f 12 
SFCRT=SHGRT+1.0 

C  f  T  f  I  ‘i 

C  VER=0V ERF  1 . 0 
I  F  (NF— 3  )  10 1  14,  14 
IF( (CVER-SHGRT) .GT.O.OIGO  TO  15 
RANGE=kANG£+PE/2 • 0 
GC  TO  16 

RANG£=kANGE-PE/2  .0 
CTFER*kANG£ 

TFE  APPROPRIATE  FORK  BRACKET  TO  FIRE  THE  LAST  GROUP  OF 
ROUNDS  IS  MADE}  3.5  IS  USED  AS  A  BUFFER  SAFETY  AGAINST 
COMPUTER  RCUfiL  Cil:F  EkhCKS  TO  ENSURE  APPROPRIATE  ENC  OF 
TFE  FORK  BKALKET  IS  USED 

1F( ABS ( CThER-RANGEl I • LT .3 .5 )GO  TC  17 

CVER=OVER  +CR2 

SFCRT=SFCRT+SH2 

GC  TO  IE 

C VER=0 VEk*GR 1 

SFCRT-SFCRT+SH1 

TWO  ROUNCS  ARE  FIRED  AT  THE  APPROPRIATE  ENC  CF  THE 
FCRK  BRACKET  TO  CCPFLETE  THE  REGISTRATION 


N*N*l 

NZ'NA+l 

RLN=GRN(Ol 

RG^RUN^PER/ .6745+RANGE 

S  FCT ( N I =RG 

JF( SPOT IN) ) IS, 19,2C 

SPCPT*SFCRTU.O 

GC  TO  21 

GVER=OVER*i.O 

IFIN2-2 JIB, 22, 22 

CIFF*SHCRT-GVER 

IN*  1 

PNG*(CENT.ER+GTHER  1/2.0 

TFE  REGISTRATION  ERROR  IS  COMPUTED  AND  THE  CATA  FCR 
STATISTICAL  ANALYSIS  OF  THE  REGISTRATION  IS  COLLATED 

AtJCII IN)*RNG*(DIFF*PE/12.01 
NRCUNO (IN ) *KkCUNC ( IN ) +N 
SIMIN)*SCMINH-N#N 
RMSC  IN  )=KMI  S ( IN  I+ADJC I  ( IN) 

RABSUM  =  PABS(1N)  +  ABS  (ACJCI  (IN  I  I 

RS0<  INJ*RSU(  IMMACJCIUN)  I  *  (AD  JC1  ( IN)  I 

RANGE*ACJCi(  INI 

IN* IN+i 

OVER*0. C 

SFCRT*0  .0 

N2«0 

TFE  PROGRAM  COMPUTATIONS  FOLLOWING  INVESTIGATE  RANGE 
ACCURACY  CF  THE  SUCCEEDING  FIVE  SIX  ROUND  GROUPS  WHICH 
SIMULATE  FM-6-40  DESTRUCTION  PROCEDURE. 


N  =  N  +  1 
NZ=NZ+  1 
PUN*GRMO) 
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32 

34 

3  e 


It 

22 


RGsKUN*PER/.6745+RANGE 
SPCT( N ) =KG 
1FCSPGT  <M 332,32, 32 
SFCRT=ShCRT+l .0 
GC  TO  34 
CVER= GVER+1 .0 
IMN2-6331  ,35,35 
C  I  F  F=  ShCR  T-GVER 

AtJCI  (  IN)=RANGE+(CIFF*PE/I2.0i*(  1 .O/FLOAT (  INI ) 

NRCCNO  (IK)  *NnCUND(  1  M+N 

SCM  IN)=SLN< IN )  ♦NJpN 

PMS(  IN  )=RMS  UNHACJCI  UN) 

RABSI  IN)  =  RABS(IN)  +  AtiS(AGJCI  (IN)  ) 

PSCUN)=PSU  IN3+ULJCI  (INI  I  *  (AO  JC  KIN)) 

If  l  IN-G)3jC»3t*36 
IF( J-NG)  1, 23,23 
2=FLCAT(NG) 

CGPPUTAT I GNS  FOR  THE  STATISTICAL  ANALYSIS  APE  MADE 
DC  40  1=1,6 

A VRDS ( I i~ FLOAT! NRCLNDI I 1 1 /Z 

SLRD ( I J  =S GkT ( (SUM ( 1 3/  ZI-AVRDS ( I )*AVROS< I ) ) 

A  V ( 1 3  =RP  3  S ( I )/Z 
AES  AV  (  1  )=RABS(I  )/Z 
SCm*SGHT(<RS<a  I  >/Z)-AV(I)*AV(  I!) 

i AVRDS ( I J.SCROII) 

uvm  ,SL(n,AbSAvm 


25 
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RGBE INS-MCNRO  CNE  RCUND  PRECISION  FIRE  PROGRAM  LISTING 
(SIMPLE  MODEL  I 

C I  MENS  1 CN  RNG(36i , RANG (36). RANGA( 36  I , RANG  SC ( 26 ) , A V( 36 1 
l,AVAbS( 36) ,S0(36) ,CCLNT(36) .SENSE (26) ,S ENS (26 ) 

UNIFORM  U(0,i)  RANDOM  NUMBER  GENERATOR  IS  INITIALIZED 

CALL  CVFLOW 
KE  =  1 

I>S32732£4C3 

FER  VALLE  TO  BE  INVESTIGATED  IS  SET 
PER=20.C 

FF  ITE  ( 6 .9001  I  PER 

NUMBER  OF  REPLICATIONS  TO  RUN  IS  SPECIFIED 


NC= 1000 
NITER=36 

VECTOR  ARRAYS  ARE  ZEROED  OUT 

CC  30  I*  It  36 
RANG ( I ) =0*0 
RANGA ( I  )*C.0 
RANGSC (  I)  =  G.O 
A  V  ( I )  =0.0 
A VABS( 1  1  =  0.0 
SC(IJ=0  .0 
2C  CONTINUE 
J  =  C 

20C  J  =  J+L 

CCLNTER S  ARE  ZERCEC  CUT 

K«C 
N«C 
M  =  C 

ZZ'1.0 

IF(PER.GT.I8.0JZZ=3.0 
CC  AGO  I=J. ,  36 
C  CUNT  (  I  1=0  .0 
SENSEI  I J  =C  .C 
SENS(I)=C.O 
40C  RNG( I )  =  C  •  C 

THE  INI TIAL  AIMPCINT  LCCATICN  RELATIVE  TC  TFE  TARGET 
IS  ESTABLISHED.  THE  INITIAL  AIMPCINTS  WILL  EE  UNIFORM¬ 
LY  D  IS  TR I  BUT  EC  +200,  -:200  METERS  CF  THE  TRUE  TARGET 
CENTER 

CALL  RANDOM  (IX,RAN,K6) 

RANGE=R AN*200 .0 
CALL  RANDOM (  IX. RAN, KB) 

IF(RAN.LT. .5 ) RANGE=-RANGE 

TFE  INITIAL  SHIFT  FOR  ALL  MISSIONS  IS  2 CC  METERS 

SHFT=2CC.  C 
T  EST=  50  .0 
T  EST1  =  P  ER*4 .0 
3 1C  M  =  M+ 1 

RLN=GRN  (C ) 

TFE  BURST  LOCATION  IS  CCMPUTEO 
RG=RUN*FER/.6745+RANGE 

CBSERVER  DETERMINES  IF  IMPACT  IS  OVER  OR  SF.CRT  OF  TFE 
TARGET 
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SENS(M)=RG 
I F(M.GT . L  2GC  TG  313 
320  IF  (SENS  (Ml  1211,311,312 

311  R A N6L- 1' ANG t+ Sh i  F  T 
GC  TO  3  1C 

312  RANCE=RANGE-SHIFT 
GC  TC  3 1 C 

CESERVER  CETERM INES  IF  A  RANGE  BRACKET  HAS  BEEN  ESTAB¬ 
LISHED 

313  IF (SENS (Ml .GT .0.0 . AND . SENS ( M-  1 1  .GT.G.O.QR.SEN$(M).LT.O 
1  .C.ANU.SENS(N-1 1 .LT  .O.OJGU  TG  3*C 

TFE  PANGE  BRACKET  IS  HALVED 

SHIFT---ShIFT*C.5 
IF  (SENS  ( 1\  1  1 2  14  *3  14  *3  15 

314  ft ANGE  =  F ANG  E+SF 1  FT 
GC  TG  316 

315  ftANGE  =  KANGE-:SHIFT 

TFE  DE TERM 1NAT l  CN  TC  ENTER  THE  FIRE  FOR  EFFECT  PHASE 
IS  HADE 

316  IF(  SHIFT. GT.TEST1GC  TG  310 
K  =  Mi 

RLMGRN(CJ 

ft G=RUN* PER/. 6745+ RANGE 
S  ENSE  ( K  1  =  RG 

202  IF(SE NSE(K 113 CO, 30C, 301 
3CC  RANGE  =  kANGE+TES I 1/ZZ 
GC  TC  3C2 

3  C 1  RANGE-KANGE-TESTl/ZZ 
30^  K~M 1 

PLMGRN(C) 

KC-*RUN*PfcR/.674  5  +  RANGE 
SENSE  (Kl  =  Ru 

DETERMINAT ICN  OF  INITIAL  FGPK/ZZ  ERACKET  IS  PACE 

I F (SENSE  (K) .GT.O.O.ANC. SENSE (K-l 1 .GT .0.0  .CR  .SENSE (K 1 .L 
IT  *0.0.  AND.*  SENSE  (  K-l  1  .  IT  .C.01GG  TC  2C3 
IOC  N  =  N  +  1 

AFTER  EACH  POSITIVELY  SENSED  ROUNC  ZZ  IS  ACVANCEC  EY 
CNE 

2  2*11+  1 .  C 

I F (N .EG  » 1 1  GO  TO  3C5 
RLN=GRN(C1 

R G=RUNv PER/. 6745 +RANGE 
2C5  CCLNT  (N1  =  RG 
306  1 F (COUNT ( N  1 1 1 , 1 , 2 

RANGE  CCRRECT10N  TO  FIRE  THE  NEXT  ROUND  IS  CCPPUTEC 

1  H  =  TESTl  HZ 
GC  TO  3 

2  W=-(TESTl/ZZ) 

2  R ANGE=RANGE+w 

RNG(N)=RANGE 
I F(N.EC .NITER1G0  TC  500 
GC  TO  ICC 
50C  CC  10  1=1,36 

TALLIES  OF  AVERAGE  RANGE  ERRORS  AFTER  EACH  FIRE  FCR 
EFFECT  ROUND  IS  MADE 

PANG  (II  =RANG  (  1 1  +RNC-  (  I  1 
PANGAU 1  =  RANGA( l 1  +  ABS  (RNG( i 1 1 
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KANGSCH  II^RANGSQII  !♦  CRNGC 1 )  )*(RNG(  I)  ) 

10  CONTINUE 

IF(J-NC)2CC,7C0,7CC 
70C  Z=FLUAT (NO ) 

STATISTICAL  COMPUTATIONS  OF  REGISTRATION  ERPCRS  ARE 
PACE 


AV(n  =  RANG(l)/Z 

SCI  1)*S  CRT  I I RANGSQ (  1  )/Z  )-I AV 1 1 )  )*(AV(I)  I  I 

AVAbSI I)=RANGA( I J/Z 

NRIT£(6»SGG0J I » A  VABS I  I  )  »AV( I) ,S0(I) 

2C  CONTINUE 

9CCC  FORMAT  (  •  '  »T7  »,RCGNG=*  tI3.iiX»'  AES  AV  =  *  ,  F9  .A  ,3X  , '  AV=  •  ,F 
19.4.3X, •S0=,,F9.A) 

90C 1  F CFMAT ( *  !  »T7 » '  PRCEAfcLE  ERRCR  IN  RANGE: 1 »  F9  .4  ) 

STOP 


ENC 
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APPENDIX  F  FM  6-40  ANC  ROBB INS-MONRG  CNE  RQUNC  FRECISICN 
FIRE  SIMULATION  PROGRAM  LISTING 

THE  PURPOSE  CF  THIS  APPENDIX  IS  TC  PROVIDE  THE  COMPUTER 
PROGRAM  LISTINGS  CF  THE  FM  6-40  AND  RCEe INS-MONRO  ONE  ROUND 
PRECISION  FIRE  TECHNIQUES  DESCRIBED  IN  SECTION  IV.ThE  ALPHA¬ 
BETICAL  LISTING  ANC  CESCFIPTICN  OF  VARIABLE  NAPES  CCMMCN  TO 
BOTH  PROGRAMS  IS  AS  FOLLOWS : 

A-  TARGET  SEP1-MAJCR  AXIS  LENGTH 

ACC-  NUMBER  OF  METERS  CGPRES PCNCING  TC  HALF  S  MILS 
AT  GUN  TARGET  RANGE 
ACJCI-  REGISTRATION  RANGE  ERROR 

ACF-  CGNTROL  VARIABLE  FOR  ROLNC  OFF  RLLES  IN  COM¬ 
PUTING  MISS  DISTANCES 
-2.0  NO  ROUNCINC-  OFF 

2.C  ROUNDING  TO  NEAREST  WHCLE  INTEGER 
AFMIS-  SUM  CF  ABSOLUTE  REGISTRATION  DEVIATION  ERRORS 
ANGFO-  THE  TRUE  ANGLE  T 

ANGLT-  THE  GBSERVER  REPCRTEC  ANGLE  T  IN  MILS 
AFL-  CEFLECT ION  CORRECTICN  CORRESPONDING  TC  HALF  S 
MILS 

AVCFER-  AVERAGE  REGISTRATION  DEVIATION  EPRCF 
AVJRCS-  AVERAGE  NUMBER  CF  ROUNDS  FIRED  FOR  A  REGISTRA¬ 
TION 

AVMRE-  THE  MEAN  RADIAL  MISS  DISTANCE  OF  LAST  ADJUST¬ 
MENT  PHASE  RCUNC 

AVMISS-  AVERAGE  RANGE  ERROR  OF  A  REGISTRATION 
AVRDS-  AVERAGE  NUMBER  CF  ROUNDS  TC  FIRE  A  REGISTRAT¬ 
ION 

AVRGER-  MEAN  RANGE  ERROR  OF  REGISTRATION 
B-  TARGET  SEMI-MINCP  AXIS  LENGTH  IN  METERS 

eC-  GUN  CREW  ERROR  STANDARD  DEVIATION  IN  SETTING 

OEFLECTION  IN  I  MIL  INCREMENTS 
BR-  GUN  CREW  ERRCR  STANCARD  CEVIATION  IN  SETTING 

ELEVATION  IN  0.1  MIL  INCREMENTS 
BURST-  OBSERVER  ESTIMATE  BURST  MISS  DISTANCE  IN  RANGE 
C-  THE  COMPUTED  C-FACTCR 
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CENTER-  THE  MEAN  CF  THE  FIRE  FOR  EFFECT  FCFK  BRACKET 
CENTRl-  CUMULATIVE  FIRE  DIRECTI CN  CENTER  RANGE  SHIFTS 
TO  ATTAIN  MEAN  CF  FCRK  EPACKET 
CHECK-  DEVIATION  ERRCR  CORRESPOND  I NG  TC  ADJUSTED 
DEFLECT  I CN 

CHK-  NUMBER  OF  METERS  CORRESPONDING  TC  1  MIL  AT  GLN 
TARGET  RANGE 

CCRR-  FIRE  CIRECTICN  CENTER  CCMPUTEC  RANGE  CORRECT¬ 
ION 

CT-  COSINE  OF  ANCLE  T 

CT1-  COSINE  OF  TARGET  ORIENTATION  ANGLE 

CTFCt  CCSINE  CF  TRUE  ANGLE  T 

CAV-  MEAN  ABSOLUTE  DEFLECTION  ERRCR  CF  A  REGISTRAT¬ 
ION 

DEF-  KEEPS  TRACK  OF  INITIAL  DEFLECTION  PPICR  TC 
FORCING  A  CEFLECTION  BRACKET 
DEFAPL-  CUMULATIVE  SUM,  CF  DEFLECTION  CORRECTIONS 
CEFCH.K-  SUBROUTINE  WHICH  DETERMINES  IF  ACJUSTED  DEF¬ 
LECTION  HAS  BEEN  ACHIEVEC 

CEFLEC-  DEFLECTION  DIFFERENCE  BETWEEN  AIM  POINT  AND 
TRUE  TARGET  CENTER  IN  METERS 
DEFTRY-*  CEFLECT  I  CN  CCRRECTICN  TRIAL  COUNTER 
CF-  GUN  TARGET  BURST  DEFLECTION  MISS  DISTANCE  IN 

METERS 

DFAV-  MEAN  ABSOLUTE  DEFLECTION  MISS  DISTANCE  CF  LAST 
ADJUSTMENT  PHASE  ROUNC 

CFMISS-  SUM  OF  REGISTRATION  DEVIATION  ERRCR  S 
DFSC-  SUM  OF  SQUARES  CF  REGISTRATION  DEVIATION  EBRt 
CRS 

GIF-  THE  DIFFERENCE  CF  OVER  ANC  SHORT  SFCTS  AT 
CGNPCET ION  CF  REGISTRATION 
CM-  MiEAN  ABSOUUTE  REGISTRATION  DEVIATION  ERRCR 

DMIS-  SUM  OF  REGISTRATION  AESCLUTE  CEVIATICN  ERRORS 
CTSCr  SUM  OF  SQUARES  CF  REGISTRATION  RACIAL  ERRORS 
EIGhT-  NUMBER  OF  METERS  CORRESPONDING  TC  8  MILS  AT 
GUN  TARGET  RANGE 
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F  0  C  C  F-  FIRE  DIRECT  ICN  CENTER  DEFLECTION  MSS  DISTANCE 

FCCRG-  FIRE  DIRECTICN  CENTER  RANGE  MISS  DISTANCE 

FCCFS-  FIRE  DIRECT  ICN  CENTER  LEFT,  RIGHT,  AND  DOL6T- 

FDL  SPOTS 

FDCFS1-  VECTGR  ARRAY  RhICH  TRACKS  ALL  POSITIVE  FIRE 

DIRECTION  CENTER  DEFLECT ICN  SPOTS  IF  ACJLSTED 
DEFLECTION  HAS  NOT  EEEN  ACHIEVED  ELT  ADJUSTED 
RANGE  HAS 

FCRCS-  FIRE  DIRECTICN  CENTER  OVER,  SHORT,  AND  CCLBT- 
FLL  SPOTS 

FFEDFI-  SUM  CF  ABSOLUTE  DEFLECT ICN  MISS  DISTANCES 
CF  LAST  ADJUSTMENT  PHASE  RCUNDS 
FECFSQ-  SUM  OF  SQUARES  CF  FFEDFI 

FFERG1-  SUM  OF  ABSOLUTE  RANGE  MISS  DISTANCES  GF  LAST 
ADJUSTMENT  PHASE  ROUNDS 
FERGSC-  SUM  OF  SQUARES  CF  FFERGI 

FIVE-  NUMBER  OF  METERS  CORRESPONDING  TO  5  MILS  AT 
GUN  TARGET  RANGE 

FCANER-  THE  STANDARD  CEVIATIjN  CF  ANGLE  T  ERROR  IN 
MILS 

FCCCR-  OBSERVER  DEFLECTION  CORRECTION 
FCCF-  BURST  DEVIATION  MISS  DISTANCE  IN  METERS  IN  THE 
OBSERVER  TARGET  COORDINATE  SYSTEM 
FCCFS-  CBSERVER  LEFT,  RIGHT,  ARC  LINE  SFCTS 
FCPG-  BURST  RANGE  MISS  DISTANCE  IN  METERS  IN  THE  OB¬ 
SERVER  TARGET  COORDINATE  SYSTEM 
FCRGI-  CB SERVER  SFCT  CF  RANGE  BURST  IN  ADJUSTMENT 
PHASE 

FORGS-  CBSERVER  CVER,SHCRT,  ANC  CCUBTFUL  SFCTS 
FCFKFS-  THE  VALUE  CF  FIRE  FOR  EFFECT  FORK  TC  NEAREST 
EVEN  MIL 

FCPKTR-  THE  VALUE  CF  TABULAR  FIRING  TABLE  FCRK  TO 
NEAREST  MIL 

FCLR-  NUMBER  CF  METERS  CORRESPONDING  TC  A  MILS  AT 
GUN  TARGET  RANGE 

ICFG-  F.CRDER  CHARGE  PARAMETER 
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1CC- 

ICCUT- 

IGCCC- 

ICNE- 

ICff- 

ICR- 

JCVR1- 

ICVER  - 

ICVERl- 

IC VER2- 

I  RES'- 

ISFIFT- 

I  Sh- 

ISFCRT- 

ISFRTl- 

1 SFT 1- 

ISFT2- 

J-r 

JJ~ 

JRCS- 

JSC- 

K- 

KA- 

KF- 

KN->- 

KTGT^ 

LTGTS- 

MISCIS- 

KISTOT- 

MRE- 

MPEl- 

MPS  C- 


CCNTROL  VARIABLE  FOR  SPECIFYING  ANGLE  T 
DCLbTFUL  RANGE  SFCT  CCUNTER 
CCRRECT  ADJUST  EC  DEFLECT ICN  INDICATCR 
TARGET  HIT  INDICATOR 

INDICATOR  Cf  DEFLECTION  ERACKET  EXISTENCE 


OVER 

RANGE 

SPCT 

COUNTER 

CVER 

RANGE 

SPCT 

CCUNTER 

C.VER 

RANGE 

SFCT 

COUNTER  ' 

OVER 

RANGE 

SPCT 

COUNTER 

CVER 

RANGE 

SPCT 

CCUNTER 

SLR  CF  ALL  FOUNDS  FIREC 
OBSERVER  RANGE  SHIFT 


SHCkT 

RNAGE 

SPCT 

CCLNTEP 

SHCRT 

RNAGE 

SPCT 

COUNTER 

SHCRT 

RNAGE 

SPCT 

COUNTER 

SHCRT 

RNAGE 

SPCT 

CCUNTER 

SHCRT 

RNAGE 

SPOT 

COUNTER 

ADJUSTMENT 

PHASE 

ROUND  CCUNTER 

OBSERVER  ADJUSTMENT  PHASE  POSITIVE  RANGE  SPOT 
COUNTER 

SUP  OF  FIRE  FCR  EFFECT  ROUNDS 
SUM  OF  SCUARES  CF  JRDS 
RCLNO  COUNTER 

OBSERVER  ADJUSTMENT  PHASE  'LINE'  SFCT  CCUNTER 
FIRE  CIRECTICN  POSITIVE  CEFLECT ICN  SPCT  CCUNT¬ 
ER 

RCUNO  CCUNTER 
TARGET  HIT  INDICATOR 

CUMUUATI VE  TCTAL  NUMEER  CF  TARGETS  STRUCK 

RACIAL  ERROR  CF  A  REGISTRATION  IN  METERS 

SUM  TOTAL  OF  ALL  RADIAL  ERRORS 

RACIAL  MISS  CISTANCE  OF  LAST  ADJUSTMENT  RCUNC 

SUM  OF  RADIAL  MISS  DISTANCES  OF  LAST  ADJUSTING 

ROUNDS 

SUM  CF  SCUARES  CF  MREi 
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CES IGNAT  OR  FlR  TYPE  CF  MISSION  TC  E  VALLATE 
0  IMPLIES  RtGl STRATICN 
1  IMPLIES  OBSTRUCT ICN 
N-  FIRE  FOR  EFFECT  RQUNL  CCLMER 

M-  TOTAL  REPLICATION  COUNTER 

NITER-  POSITEVELY  SPGTTED  ROUND 

NN-  ROUND  COUNTER 

NOCEF-  INDICATES  TFAT  CEFLECTICN  bRACKET  CCES  NOT 

EXIST 

NCGCCD-  COUNTER  FOP  ELIMINATED  5ANC1  REGISTRATIONS 
NCNE-  INDICATES  TFAT  NO  POSITIVE  FIRE  DIRECTION  CEN¬ 
TER  DEFLECTION  SPOT  EXISTS 

NCFREP-  N.C  PREPONDERANCE  OF  OVER  ANC  SHORT  RANGE  SPOTS 
NCTRGT-  NUMBER  OF  TARGETS  STRUCK 

NRFKD-  NUMBER  CF  RCUNCS  FIRED 

NPCUND-  TOTAL  NUMEER  CF  ROUNDS  TC  FIRE  FOR  EACH  REGIS¬ 
TRATION 

NTGT-  TARGET  HIT  COUNTER 

CNE-  NUMBER  OF  METERS  CORRESPONDING  TC  l  MIL  AT  GUN 
TARGET  RANGE 

CTFER-  THE  DATA  IN  METERS  CORRESPONDING  TC  APPROPRI¬ 
ATE  END  OF  FORK  BRACKET  AT  WHICH  THE  SECOND 
GRCUP  OF  THREE  RCUNLS  WERE  FIRED 
CTHERl-  THE  CUMULATIVE  FIRE  DIRECTION  CENTER  RANGE 
SHIFTS  TO  ATTAIN  'OTHER' 

OTRG-  THE  OBSERVER  TARGET  RANGE  IN  METEFS 

PEC-  FRCBAELE  ERRCR  IN  DEFLECT ICN 

PER-  PRCbABLE  ERROR  IN  RANGE 

PCS-  OBSERVER  POSITIVE  RANGE  SPOT  IN  ADJUSTMENT 

PHASE 

R-  SPECIFIES  HCW  ELEVATION  IS  TO  BE  APPLIED 

-1.0  IMPLIES  TC  NEAREST  .1  MILS 
1.0  IMPLIES  TO  NEAREST  1  MIL 
RANGE-  RANGE  DIFFERENCE  BETWEEN  AIMPOINT  ANC  TRUE 
TARGET  CENTER  IN  METERS 

PG-  GUN  TARGET  RANGE  MISS  DISTANCE  CF  EURST 
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RG1- 


BURST  RANGE  MISS  DISTANCE  IN  TARGET  CCCRD I  NATE 
SYSTEM 

RAV-  MEAN  ABSOLUTE  RANGE  ERRCR  OF  A  REGISTRATION 

RGAV-  MEAN  ABSOLUTE  RANGE  MISS  DISTANCE  CF  LAST  AD¬ 

JUSTMENT  FFASE  PCUNC 

RGMISS-  SUM  OF  REGISTRATION  RANGE  ERRORS 
PG SC-  SLM  OF  SCLARES  CF  REGISTRATION  RANGE  ERRORS 
RM-  MEAN  ABSOLUTE  RANGE  ERROR  OF  A  REGISTRATION 

RN-  TABULAR  FIRING  TABLE  GUN  TARGET  RANGE 

SCAVO-  STANDARD  DEVIATION  CF  CFAV 

SCAVR-  STANDARD  DEVIATION  CF  RGAV 

SDCF-  STANDARD  DEVIATION  CF  AVERAGE  REGISTRATION 

DEVIATION  ERRORS 

SO JR-  STANDARO  DEVIATION  CF  ROUNDS  FIRED  FCP  A  REG¬ 

ISTRATION 

SCMC-  STANDARD  DEVIATION  OF  DEVIATION  ERRCRS  OF  A 
REGISTRATION 

SCPC-  STANOARD  CEVIATION  OF  AVRCS 

SDRG-  STANDARD  DEVIATION  OF  AVERAGE  RANGE  ERRCRS  CF 
A  REGISTRATION 

SHIFT-  OBSERVER  RANGE  SHIFT 

ShFTCF—  FIRE  DIRECTION  CENTER  DEFLECTION  SHIFT 

SHFTRG-  FIRE  CIRECTICN  CENTER  RANGE  SHIFT 

SIXTEN-  NUMBER  OF  METERS  CORRESPONDING  TC  16  MILS  AT 
GUN  TARGET  RANGE 

START-  RANDOM  NUMBER  GENERATOR  INITIALIZER 
ST”*  SIN  OF  ANGLE  T 

ST  1-  SIN  OF  TARGET  ORIENTING  ANGLE 
STFC-  SIN  OF  TRUE  ANGLE  T 

TETAFO—  TRUE  ANGLE  T  IN  RACIANS 

TGTANG-  TARGET  SEMI-MAJOR  AXIS  ANGULAR  ORIENTATION  IN 
MILS 

THETA-  ANGLE  T  IN  RACIANS 

THETA l-  TARGET  ORIENTING  ANGLE  IN  RADIANS 
TNC-  NUMBER  CF  METERS  CORR ES PCN C ING  TC  2  MILS  AT 
GUN  TARGET  RANGE 
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NCf-  PROBAEI L I TY  CF  OBSERVER  DEVIATION  SFCT  ERRGR 

NRG-  PROBABILITY  OF  OBSERVER  RANGE  SPCl  ERROR 

YCf-  PROBABILITY  CF  OBSERVER  CEVIATION  SECT  ERROR 

YRG-  PROBABILITY  CF  OBSERVER  RANGE  SPOT  ERROR 

Z CF-  INDICATOR  TO  APPLY  OBSERVER  SPOT  ERROR  IN 

DEVIATION 

-1.0  INDICATES  ERROR  TO  BE  APPLIEC 
+1.0  INDICATES  ERROR  NCT  APPLIEC 
Z  I L*»  A  FISSION  COUNTER 

ZN-  FRACTION  CF  'PREPONDERANCE*  FCKFLLA  TO  USE  IN 

COMPUTING  TARGET  DESTRUCTION  DATA 
ZRG-  INDICATOR  TO  APPLY  OBSERVER  SPOT  EFRCR  IN 

RANGE 

-1.0  INDICATES  ERROR  TO  EE  APPLIEC 
+1.0  INDICATES  ERROR  NCT  APPLIEC 
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PROGRAM  L I  ST  1  No  OF  THE  FM-6-40  PRECISION  FIRE 
PROCEDURE 

USER  IN  FORMAT  ION • 

TFE  PROGRAM  AS  WRITTEN  WILL  INVESTIGATE  ONLY  ThE 
FCLLGWI No  AMMON  I  TI  IN  PARAMETER  INFU1S  tXTF ACT  CL  FROM 
FIRING  TABLES  TFT  Ito-Ah- 2 


CHARGE 

RANGE (RN) 

ICHG 

PER 

PED 

5G  B 

2U0D 

59 

7 

I 

5W8 

5500 

51 

20 

3 

5GB 

60  CO 

5 

13 

3 

6 

6000 

6 

27 

4 

6 

10000 

61 

24 

5 

FOR  CTHEP  PARAMETER  VALLES  THE  USER  MIST  MAKE  APPRO¬ 
PRIATE  CHANGES  TO  FORKP,  FGKKT,  AND  CFCTR  ROUTINES 

TFE  USER  MUST  SPECIFY  THE  FOLLOWING  INPUT  PARAMETERS: 

A-  THE  TARGET  SEMI  MAJOR  AXIS  IN  MET  EPS 

B-  THE  TARGET  SEMI M I  NOR  AXIS  IN  Mb  TEES 

TGTANG-  TFE  TARGET  ORIENT  INC  aMuLc  IN  MILS 
MTGT-  SET  MTGT=G  IF  REGISTRATION  DfcSiREC 
SET  MTGT  = I  IF  DESTRUCTION  DESIRED 
ADP-  SET  ADP= I  TC  SIMULATE  FIRE  DIRECT ICN  CENTER 
RANGE  CORRECTIONS  TC  NEAREST  10  METERS 
ANGLT-  SPECIFY  TFE  ANGLE  T  TO  BE  INVESTIGATED  IN  MILS 
HALFS-  INSERT  THE  APPROPRIATE  HALFS  VALUE  SPECIFIED 
FOR  ANGLE  7 

FCANER-  SPECIFY  TFE  STANDARD  DEVIATION  OF  OBSERVER 
ANGLE  T  ERROR  IN  MILS 

YRG-  SPECIFY  PROBABILITY  CF  OBSERVER  RANGE  SPOT 
ERROR  IN  AL JUS T MENT  PhASE 

YDF-  SET  PROBABILITY  CF  OBSERVER  DEFLECT ICN  SPOT 
ERROR  IN  ADJUSTMENT  PHASE 

KRG-  SPECIFY  PROBABILITY  OF  OBSERVER  RANGE  SPOT 
ERROR  IN  FIRE  FOk  EFFECT  PFASE 
WCF-  SET  PROBABILITY  OP  OBSERVER  DEFLECTION  SPOT 
ERROR  IN  FIRE  FOR  EFf-tCT  PFASE 
2RG,ZDF-SET  TO  -l.C  IF  OBSERVER  SPOT  ERROR  PROBABILI¬ 
TIES  ARE  TO  EE  APPLIlDJ+1.0  IF  NO  OBSERVER 
SPOT  ERROR  I S  DESIRED 

BR.BC-  DUMMY  VARIABLES  WHICH  MUST  BE  SET  TC  C.O 
CTRG-  THE  OBSERVER  TARGET  RANGE 

ICHG-  THE  POWDER  TYPE  aNO  CHARGE 

RN-  THE  RANGE  IN  METERS  To  GG  WITH  ICFG 

PER-  APPROPRIATE  rKOBAoL  E  ERROR  IN  RANGE  CORRES¬ 
PONDING  TO  ICHG 

PEC-  APPROPRIATE  PROBABLE  ERROR  IN  DEFLECTION  CORR¬ 
ESPONDING  TC  ICFiG 

LOGICAL  LESS 

REAL  MREi  ,M«SO,MRE,MISDIS,MISTOT,CTRG 
C  I  MENS  I  ON  POS(50),FDOr-Sl<30) 

COMMON  TABLEAI50  ,3 ) ,KA,KF,ACC,  RN »  CEFLECi I  GOOD, ONE , TWO, 
IFCUR, F I VE  , EIGHT, SI XTEN, NCDEF, I OPF 
I CC*-2 

MISSION  TYPE  IS  SPECIFIED 

MTGT=0 
ACP=I.O 

THE  AMMUNITION  PARAMETERS  TC  BE  INVESTIGATED  ARE  SET 

I C  PG=5 
RN«tCOO.C 
PER=L3.C 
PEC*3.0 

£  ANGLE  T  AND  APPROPRIATE  HALFS  IS  SPECIFIED 
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ANGLT=6CC.C 
FALFS=4  .0 
GC  TC  ;>02 
5CC  CONTINUE 

ANGLT=30J .0 
HALFS=*r  .0 
GC  TQ  pC2 

501  CONTINUE 
ANGLT=1600.0 
FALFS= J .C 

502  TWCPI  =  o  .233134 
I  LC  =  I DO+i. 

TARGET  PARAMTERS  ARE  SPECIFIED 

A=  5 .0 
6  =  5.0 

TG TANG =0.0 

TFtTAl=(TGTANG/64CC.C)*TNQPI 
ST  I=SIMThcTAI) 

C  T 1=C0S ( THETAI ) 

COUNTERS  AND  VECTOR  ARRAYS  FOR  ALL  MISSIONS  ARE  2ERCED 


THETA  IS  CONVERSION  CF  ANGLE  T  FROM  MILS  TC  RADIANS. 

THETA=< ANGLT/6400.0)*TNOPI 
ST  *SIN( THETA) 

C  T=C0S( 1HETA) 

THE  RANCCM  NUMBER  GENERATOR  IS  INIT1ALIZEC. 

START=RAN(— 35i) 

PARAMETER  TEST  IS  LSED  TC  DETERMINE  WHEN  TC  ENTER  INTO 
FIRE  FOR  EFFECT  PHASE • 

TESTl=iCC.C 

TEST=50.C 

IFIPER.GT  .38.0)TEST=100 
2CC  NI=NI+l 

THE  OBSERVER  SPOT  ERROR  PARAMTERS  ARE  SPECIFIED 
WLF=0  .0 
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RRG=0.0 
YRG=0 • OS 
YCF=0  .0  2 
2RG  =  1 .0 
Z  L'  F  =  1 . 0 
eR=o.o 
BD=0.0 

THE  OBSERVER  ANGLE  T  ERROR  IS  APPLIED  TO  DETERMINE  THE 
TRUE  ANGLE  T 

FCANER=0  .0 

AAGFU=ANCLTMRAN(0)  ) *  F  C  ANER 
T  ETAFO- ( ANGF  G/64C0. C)*TRCPI 
ST  FC=SIMTETAFC) 

CTFC*CCiS(T  ETAFO) 

TFE  INITIAL  dURST  LOCATION  .AT  START  OF  EACh  MISSION  IS 
ESTAbLISntC.  IT  IS  ASUME0  T  FAT  TFE  INITIAL  ROUND  N  ILL 
Bfc  UN  I  F  CR  M  L  Y  DISTRIBUTED  IN  AN  ECO  d  Y  4  CC  METER  RECT¬ 
ANGLE  CENTERED  ON  The  TRUE  TAtvoET  CENTER 

RANGE=RAN(  1) *400. C 

IF  (RAN  (  I)  .LI  .  »i» )  RANGE* -RANGE 

UEFLtC  =  RA\m*2GG.C 

I F ( RAN ( 1) .LT..5)0£FLEC=-DEFLEC 

CCLNTERS  AND  VARIABLES  FOR  EACH  MISSION  ARE  2ERCEC 
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CEF=0.0 
I C  VR2  =  C 
CVR 1=  0 
SP  T2  =0 
SHT Is  0 
C VEK=0 
SFCRT=0 
OVER  1  =  C 
SPRT  1=0 
CCUBT=C 
U0UT=Q 
GCCD=0 
K  =  C 
K  A*C 
K  F=0 
KN«C 
NN=C 
J=0 
JJ  =  0 
N  =  C 

NCPREP=  G 

KTGT*=0 

f)TGT*0 

1GNE-0 

CEFAPL  =  C  .0 

F.GSHFT  =  C .  C 

FCCCR=C.C 

SFIFTsO.O 

ICPP=0 

NCCEF=  0 

ACC=HALFS'!‘RN  *0.001 
CFK=RN*C. CCi 
CNE=CHK 
TWL=CHK*2 .0 
FCUR*CrtK“4 • 0 
F IVE=CHK*5.C 
E JGFT«CPK*6.0 
SI>TEN=CHK*16.0 
CC  99  1=1,50 
PCS(I)=0 
FDDFSK  l)=C 
CCNTINUE 
00  400  IM* I , 50 
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CC  400  MM*  1,3 
4CC  T  A  E  L  E  A  (  I M  ,  M  M  I  *0  •  0 
R=  l  •  0 

ISH  IFT  =  1000 

THE  ADJUSTMENT  PHASE  IS  ENTERED 


THE  OBSERVER  CORRECTIONS  ARE  TRANSFERED  TC  THE  GUN 
TARGET  COORDINATE  SYSTEM 

1  SHFT0F=R0TGND(F3CCR,SHIFT,ST,CT) 

SHFTKG=RG  TbNR ( F0CGR  *  SHI  FT , ST  ,C  T ) 

IFtADP.GT .J.O)SHFTFi:=«lCFF(SFFTRO) 

THfc  C-FACTCR  IS  COMPUTED 

C*CFC  TR ( RN  ,AGSHF  T  , ICHGJ 

TCTAL  RANGE  CORRECTIONS  ARE  COMPUTED 


RG$HFT=  RGShFl+SHFTRG 

RANGE  AND  CcFLECT I CN  CORRECTIONS  ARE  APPL  IEC ;THE  AIM 
POINT  CORRESPONDING  TO  ELEVATION  AND  DEFLECTION  CLR- 
REC1 IONS  IS  COMPUTEC 

RANGE  =  RANGE+FCCRCR  <  SHFTP.G  ,C  ,BR  ,  R  ) 
CEFLEC=CEFLEC+FDCOCR(RN,  RANGE,  SHFTDF.BD) 

OBSERVER  SPOT  ERROR  IS  CHANGED  FRCM  ADJUSTMENT  ERROR 
TC  FIRE  FOR  EFFECT  ERROR. IT  IS  ASSUMED  T FAT  THE  PRO¬ 
BABILITY  OF  OBSERVER  SFCT  ERROR  RILL  BE  GREATER  IN  THE 
FIRE  FOR  EFFECT  PHASE 

IFUAbSI  I  SHIFT)  .LE«TI:STIMCF=YCF 
IF(IAbS(  ISF.IFT).LE.TE$UJ*kG  =  YKG 

OE TERM I  NATICK  TO  ENTER  THE  FIRE  FCR  EFFECT  FhASE  IS 
MACE 

IF(IABS(I SHIFT) .LE. TEST) GO  TO  101 
J  =  J+l 

ACTUAL  BURST  LOCATION  IN  GUN-TARGET  COORDINATE  SYS¬ 
TEM  IS  COMPUTEO 

RG-(RAMC)  )v PER/. 6745  +  RANGE 
CF=  (RAN  ( C )  )-*PED/  .6745+CEFLEC 

ACTUAL  BURST  IMPACT  LOCATION  IN  THE  TARGET  COORDINATE 
SYSTEM  IS  CSTAwL  ISHEL' 

PGl=RCTFCP(CF,RG,STl,CTi) 

CH1*R0TFUD(DF,RG,511,C1  1) 

THE  BURST  IMPACT  AS  TFE  OBSERVER  SEES  IT  IN  THE  OBSER¬ 
VER  COORDINATE  SYSTEM  IS  COMPUTED 

FCRG=RCTFOP(CF, RG, STFC,CTFCi 
FCCF=ROTFOD(DF,RG, STFO.CTFO) 

IFtJ.GT  .1  JOG  TO  04 

THE  OBSERVER  DETERMINES  THE  INITIAL  RANGE  SHIFT  TC  USE 
IN  THE  ADJUSTMENT  PHASE 

BURST* RCOFF( tKRFCN ( OTRG ,FORG ) ) 

1 SH  I  FI  =  ISHFTS  UBS  (BURST) ) 

A  CETERM INA1 1 CN  OF  TARGET  HIT  IS  MADE 

64  IF(ABS(ROl).LT.A.ANC.AES(CFl).LT.E)IONE*l 
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31  1 CCUBT -ILCdbT+l 
M =  NT-i 

GL  TO  29 

32  ILVtk=iLVER+l 
GC  TO  34 

33  lLVL-k=iCVtk+  l 
1SHCRT*  13HCKT+1 
1 G  C  C  U  -  1 

NI G  T = N  T  G  T  ♦  l 

IPIf'TGT  .LG.l  JGC  TO  53 

34  I F ( N  T- 2 )  ^  5  ,29  ,3b 
j5  IFLS=lOVfcR+l  SHOk  T 

THREE  POSITIVE  HIKE  DIRECTION  CENTER  RANGE  SPCTS  HAVE 
BEEN  AChlEVED  AT  THE  MEAN  UF  THE-  FORK  BRACKET 

IF(3-IPCS)36,36,29 

PREPONDERANCE  OF  OVER  AND  SHORT  SPCTS  IS  DETERMINED 

36  IF(  IOVFP-IShuM  )37,32,3S 

37  C  =  CFCT  is  ( r<N  ,  sGSi  ;H  T  ,  ICPC) 

SF.FTkG-FLKKF  S*0.  !3*  ICC.  C/C 
RGSHFT -  RuSh:-l  +o l iH T RG 
RANGE  =R ANGt+SHi  TRG 

GC  TO  4 C 

NC  PREPONDERANCE:  EXISTS;  THE  SECCNC  GROUP  CF  THREE 
POSITIVE  RANGE  ROUNDS  Is  ATTAINED  BY  FIRING  AT  PREVI¬ 
OUS  ELEVATION  DATA 

2fi  NCPREP*  1 
GC  TO  <tC 

39  C  =  CFCTK(;<N,KGSHHT,ICHG) 

SFFTKG=-F-Jf;KFS-U  .5“  ICC. 0/C 
RGSFFT=RGSHFT+SHFTRG 
RANGE  -R  ANGE+  SHF  1  RG 

40  OTHER*  RANGE 
CTHcRl-RGShFT 
1DCUT 1=  C 

lFINOPREP.cG.IIGO  TC  93 

A  TARGET  HIT  NAS  ATTAINED  IN  AD JL ST M ENT  PHASE  OR  IN 
ESTAbL  ISHING  THE  INITIAL  Eukk  BRACKET. IF  A  PREPONDER¬ 
ANCE  EXISTS,  SUFFICIENT  RCUNlS  ARE  t-IAED  TC  ACHIEVE 
THREE  POSITIVE  FIRE  DIRECTION  CENTER  RANGE  SPCTS  AT 
CATA  1/2  FbAk  OPPOSITE  TO  PREPONDERANCE  OF  FIRST  GROUP 
CF  ROUNDS 

I F (KTGT  .EC.l IGO  TC  93 

BASED  CN  SPOT  PREPONDERANCE ,  THE  APPROPRIATE  END  CF 
THE  FORK  BRACKET  IS  USED  TO  FIRE  SUFFICIENT  NU'iBER  OF 
GF  ROUNDS  TO  ACHIEVE  INC  POSITIVE  Flt-.t  DIRECT  I  ON  CEN¬ 
TER  RANGE  SPOTS.  A  t)UFFEt>.  OF  ONE  PER  IS  LSEC  TO 
FRCTtC  ('  AGAINST  COMPUTER  RwUND  OFF  ERRORS  TC  ENSURE 
PRCPeA  END  CF  FORK  BRACKET  IS  USEC 

IF(ABS(CTHcK-RANGE2).LT.PER)GO  TC  91 
GO  TO  9  C 

90  ICVER 1= IOVR  L 
ISHRT1  ••  1 SHT1 
GC  TO  92 

91  ICVER 1=  ICVR2 
I SHRT 1=1 SHT2 

92  NS=  I 

GC  TO  41 

93  NS=C 
4  1  N  =  N+l 

NS=NS+1 

RG*  (RAM  0)  )* PER  /  .6745 +  RANGE: 
CF=(RAN(0n*PED/.6745+DSfEtC 


176 


non  ooooooo  ooor-> 


C  EXISTENCE  OF  A  FORK  BRACKET  IS  UETERf-'lNEC 

C 

54  IFIFDkGS.LT.U.O.ANC.LESS.Ok.FORGS.GT.O.O.ANC;.  .NOT  . 

1L  ESS ) GO  10  15 

THE  FORK  BRACKET  FAS  BEEN  ACHIEVECjTHE  AFFPCPPIATC 
1/2  FORK  SHIFT  I S  APPLltD 

lF(FORGS) 16,17,18 
U  R ANGE2=  RANGE 
I SF  T2=l 
1 C  VK2  =  G 

C=CFCT* (RN.RGSHFT, ICFG I 
SFFTRG=FLRKf  S -0  .-3* ICC. 0/C 
RGSHFT^RGSFr  T  +  StlF  TAG 
R  A  N  CL  =  k  AN  G  L  +  $  F.F  1  R  G 
GC  TC  19 
17  lDCCT=iCOLT*l 
GC  TO  14 
16  Hfit\GE2  =  RANGE 
1C VR2  =  1 
I SFT2= J 

C=CFtTnfRN,RC$HFT ,  ICFGI 
SFFTSC=-F GKKF S*0. B* IOC. C/C 
RGSFFT=  K-SFFT+ShFTkG 
RANGE  =  RANGE+5hFT RG 
19  NT=C 

CENT  tR=  RANGE 
CENTRi=RGShFT 
GC  TO  29 

A  TARGET  HIT  hAS  ACHIEVED  IN  EITHER  THE  AC  JEST  WENT 
PF ASF  CR  IN  ESTABLISHING  THE  INITIAL  FORK  BRACKET ; ThIS 
HEtUlRiS  IRC  AL'Cll  IlNAL  PCs  IT  IV c  RANGE  kCCNES  TO  bE 
FIRED  TC  ATTAIN  I  HE  INITIAL  u»CUF  CF  THREE  FCSITIVt 
FIFE  DIRECTION  CENTER  RAwGt  SPOTS 

it  IUVER=ICVEK+ 1 
1SFCR1  =  IoFChT  +  l 
NTGT=NTGT+1 
IF (MTGT .LQ. 1 )G0  TO  58 
1G2  C E N T E R  =  R A N C i. 

CENTS  1  sRGSf.FT 
CFFCK=DEFLEC 
I GCCD= 1 
N1  =  1 
KTGT*l 

FIRING  AT  THE  REAN  CF  TFE  FCRK  BRACKET  IS  CCNCuCTED 

29  N=N+l 
NT  =NT+  l 

RG=(RAN(CJ )*PER/. 6745+RANGE 
CF«  (KAMO  )  )*PtD/  .6745  +  LEFL  EC 
RG  1-RCT  FOR ( CF  » R G, ST1 ,CT1) 

C  F  1=RUT  FCO  (  OF ,  RC  ,  S T  l , C T  1) 

FCRG«RCTF0R(DF,RG,STFC,CTFG1 
FCDF=KOTFOD(DF,RG  ,  STFC,CTFC1 
IFiAbS(KGl) . LT •  A  •  AnC . AbS( OF  1) . L  T .6) GO  TO  22 
FCRGS=OETSNS ( FOKG  ,  FCuF , 2F  c, NRG) 

FCDF S=L NS NS ( F 001  ,2DF,NCF1 
FLPGS=RNuSN3  <  ANolT , FORGS, FOCFS) 

FDDF S*DcFS NS ( ANbLT , FCRGS, FOLFS i 
I F ( IGQOD . EC . 1 )G0  TO  55 
I  F ( FODF  S . E  C .0 .0  I GC  TO  55 
KF  =  KF+  1 

TAeLEAI KF, 2)=FDDf S 
TAfcLEA(KF,3)=DEFLEC 
CALL  DEFCHK 

55  I F  ( FDRG S  ) 30 1  1 , 32 
3C  ISFCRT= ISHCRT+i 

GC  TO  34 
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0F  =  ( RA  N ( 0 )  )*PED/.l745+lEFLEC 
RGl  =  FuT  K;».  (Lf  ,KG,  ST  l,  CT  II 
DF1=RUTFCU(GP ,kG,ST1,CT1  ) 
FCRG=kUlFOMDP»kG|SlFG»CTFO) 

FCCF-RUT  PUL)  I  Cr »  KG ,  SI  FC,  CT  FG  ) 

1F(ABSIkG1]  •  L T • A  .  AND , Ab S ( OF  1 }  .  LT  •  1 1  GO  TC  2fi 

CESfcKVt.P  SPOTS  P  k  I  f- » 1  V  GUADRANT  LOCATION  OF  fctkST 


FCRGS=DbT$NS  (  FGRG  »  FODF  ,  ZRGt  WPG) 

FCDFS=LNSNS(HCLr , 2CF.WLF) 

OBSERVER  SPOTS  ARE  CONVERTED  TO  FIRE  DIRECT  I C  N  SPOTS 

FDRGS*kMiSNS(  ANC,  LT  ,  FCRC-S,  FOCFS)  . 

FCCFS*utF5iNS  (  Af.GLT  »  FORGSt  FODFS) 

IF  ( I  GOOD. tw. i ) GC  TC  15 

CEFLECT ICN  CORRECT  ICkS  AND  DETERP INAT  ION  CF  AOJLSTED 
CEFLECTICN  AkE  PAL L  aY  SUbkOGIINE  LkFCHK 

IF(FDCFS.EC.G.O)GC  TO  IS 
KF  =KF  + 1 

TAbLtAt KF ,2J=FU0FS 
TAELEA(*F,3)=uLrLcC 
CALL  OtPLHK 

APPROPRIATE  FORK  RANC-C  SHIFTS  ARE  APPLIED  TC  ESTABLISH 
THE  INITIAL  FORK  BRACKET 

15  IF (FCRGS 1  1 1» 12»  13 

11  LESS*. TRUE. 

RANGE 1=RANGE 
I SFT 1=  l 
I C  VR1 =0 

C=CFCTR <kN,RGSHFT, IChG) 

SFFTkG-FCRKFS^IJO.G/C 
RGSHFT  =  kGSriFT  +  SHF  T  RG 
RANCEsRANGE+SHFTRG 
GC  TC  14 

12  1  OCLT= 1 CCL  T+ 1 
GC  TO  1C 

13  LESS=. FALSE. 

RANGE  1 =KANGE 
ICVRl=  l 
1SPTI=0 

C=CFCTR  (RN  »R6SHF  T  » IChG) 

SHFTKG=“Fu^kFSj:;lCt  .  C/C 
RGSHFT  =  RGSHFT  +  SHF  T  RG 
RANGE=kANGE+SFiFTRG 

FIRING  TC  ESTAE.LISH  THE  INITIAL  FCRK  BRACKET  IS  DCNE 
C 

14  N=N*1 

RG=(RAN{ C) )#Pck/.6745+RANG5 
CF*(RAN(C) )*PEO/  .6745+CEFLEC 
RGl=ROTFCR(DF»KGfSTl,CTiI 
OF UROTFGU (OF ,RG ,ST  1 » C T  I) 

FCRG*kCTrDMCF,«G,  STFC.CTFO) 

FCOF=RGTFCQ(OF , RG  »  STFC  »CTFO 1 
I  F  <  ABS ( RG 1 ) .LT.A.AND. AfcS(DFl) .LT.BIGO  TG  28 
FCRGS=DbTSNS ( FuRG  » FCOF, ZAG, WKGI 
FCCFS=LNSNS(FODF»ZCF|KuF) 

FCRGS=RNGSNS( ANoL T  , FQRGS , FQDF S ) 

FLCFS=DEFSNS( ANGLT  ,FCkGS,FOCPS I 
IF< IG00U.EC.1IG0  TC  54 
I  FIFODFS .EC.G .01 GC  TO  54 
KF»KF«-l 

TABLEAI  KF  »  2 J  =FDOF  S 
TAELEA(KF,3)=GtPLEC 
CALL  DfcFCHK 
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1F(  iONE.LQ.UGO  TO  101 

CBSERVlR  DETERM I NE  S  LEVIATICN  CORRECTIONS 

PCCCB=-RD0FP(FkR0F  (CTPCtFODFi J 

OBSERVER  DETERMINES  KANuE  SPCT  CF  BURST 

FCRGl«DBTSNS(f-ORG»  FCDF » 2RG, WPG) 

IFIFOCORJ  2,3,2 

IF  DEVIATION  CORRECTION  IS  C-kEATER  THAN  ICC  METERS, 

The  OBSERVER  REUUESTS  ONLY  A  DEVIATION  SHIFT 

2  IFIAbSI FCCCR) . GT . 1  CO .0 ) SH I FT=0 .0 . 

IFIABSl  FCJCCJR  )  .GT  .1GC.0IGG  TO  1 
GC  TC  4 

OBSERVER  SPOTS  A  LINE  BUR  ST ,F I  RE  DIRECTI CN  CENTER 
LLFLECT ION  AND  DEFLECTION  SPOT  ARE  RECORDED  PC*  FUTURE 
REFERENCE  FOR  DETERMINING  CORRECT  DEFLECT  1 LN  IN  FIRE 
FCR  EFFECT  PHASE 

2  KA=KA+i 
KF  =  KF+  1 

T  f BLEA( KFt2)  =  DEFSNS(ANGLT,F0RGl»  FCCOR I 
TABLEAl Kr  =DEF LEC 
4  IF (FORD  1 1  V,  7 

6  SHIFTED. C 

IF  TWO  OR  MOKF  OBSERVER  POSITIVE  RANGE  RCINLS  HAVE 
BEEN  OBSERVED  AND  DEVIATION  CORRECTION  IS  LESS  THAN 
50  ME  Tt  KS  ,  HIKE  FLK  EFFECT  PFASE  IS  ENTERED. 

IF!  JJ.GT.l.  AND.  ADS  (FCCCR)  .LT.50  .0  HShIFT*T  EST 
GC  TO  1 

7  JJ*JJ+i 

PC  S ( Jj)  =  f  C R G 1 
I  F  ( JJ  »oT  .  I  )GO  TO  6 
GC  TO  S 

CESERVER  DETERMINES  IF  A  RANGE  BRACKET  EXISTS 

6  I  F  (  PCS  I  si  J  i  .GT  .0.0.  AND.  PCS(JJ-l)  .  GT  .0. 0 .  CR  .  FCS  ( J  J  )  .  LT  .0 
1.0 .AND. PCS (JJ-l) .LT .u.uiGu  TO  9 

THE  RANGE  BRACKET  IS  HALVED 

ISHIFT=I5HI  F.T*0  •  b 
9  lF(POSUJ)  .gT.u.OIGO  TC  60 
SFIFT=FtCAT ( I SHIFT  ) 

GC  TO  1 

6C  SP IFT=-FLQAT { 1SHIFT) 

GC  TO  I 

TFE  FIRE  FOR  EFFECT  PFaSE  IS  ENTERED 

1C1  FFERG=PG 
FF  ECF=DF 
WRG'YRG 
WCF=YDF 

TWC  FORK  VALUES  ARE  CCMPUT E L »T hE  FIRE  FOR  EFFECT  FORK 
(FCRKFSI  TO  NEAREST  tVcN  ML  AND  THE  COMPUTATIONAL 
FCRK  (FORKTR)  TO  NEAREST  MIL  USED  IN  DERIVING  THE  AD¬ 
JUSTED  PmNGL  COkRECTICNS  AT  END  LF  REGISTRATION 

FCRKFS*  FCPKFIPN,  RGSF.FT »  ICHG) 

FCRKTR^FlRkT (RNiRGSHFT  ,  ICHG) 

IFdONL.E  j.UGO  TC  2o 
10  N  =  N  + 1 

PGs(RAMO)  )*  PER/  .0745  +  PANGE 
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RG1=RUTFGR(D>-,FG,$TI,CT1) 

DF 1 =kG TFOU ( OF , ku  ,  S  T  1  ,  C T i J 

fcrg-kjtf  ji:(DFtiMii  s  r .  o ,  l  t r  rj ) 

FCUF  =  l<uTF-„L;(  LF  ,  Uo , STFC , UT  K1 ) 

I F ( Ab S(  f<L>  1 )  •  l. T  .  A .  AND .  AaS (  DF 1  J  .  L  T  •  £  ) GO  TG  4a 
FCRGS=Ufc i SNS  (  F'JMj  »  F_Lf- »  /r.u,  *v\bj 
F  C  DF  S  =  l  N  3  N  S  ( F  C  l  i  , /£r,lr.UF) 

F  D  R  G  S = R  W  G  S  N  3  (  A  , L  T  ,  F  •  j F  l>  S ,  F  fi DP  S ) 

FCLFS=  EF3N5  {  AN'uLT  *  f  wRGS  »  rDDl’3  j 
IFUGOU'u.  Et.UGG  TL  56 
I  F  ( FDDF  S  *  •  0  •  0  1  GO  TG  56 

KF=KF+1 

TAGLEA(KF,£)-FlJDFS 
TAELEA(KF,3)-CEFLEC 
C/LL  DEFCHK 
£6  IF(FDkuS)4*:, 43,44 

42  lShkTl=Ii>HKTl  +  I 
GC  TC  46 

43  ICGUT  L  =  lDGUTi  +  1 
NS=NS-  l 

GC  TG  41 

44  ICVEkl=IGVERl+l 
GC  TJ  **6 

45  IShRTl  =  IShRTl +1 
IGVEfv  1=  IOVcK  1+  1 
NTG1  =  NT  GT+  1 

IFIMTGT .FC.iJGO  TC  58 

46  I F  (  NS- 2)41.41,47 

47  IFCSl=ICVERl+ISHRTl 
1 F ( 3-1 FCSil48,48,41 

THE  RE  6  ISTRAT  ION  FIRING  FOR  RANGE  CORRECT  ICNS  IS  COM¬ 
PLETE 

4  E  ISFCRT* JSHCRT+ISHRTl 
IGVek=ICVER*lGVERi 

ALL  5  AND  1  RANGE  SPOT  REGISTRATIONS  ARE  REFIRED 

IF(  ISHJRT.GT.  l.ANG.IOVER.GT.DGC  TC  82 
NCGCUD=  NCGUGG+l 
M  cM-i 
GC  TO  2 CO 

THE  ADJUST  EL'  RANGE  CORRECTION  CATA  IS  COMPUTED  eY  TFE 
PREPCNLEKANCl  formula 

82  RGShFT=(CENTRH-CTFERi)/2.0 
R  =  -  1 . 0 

C=CFCTk (RNtRUShFTf  ICFG) 

DIF  =  (  iSnCRT-ICVEki 

CORR=DI  Fl“(  FGkKTR  *1CC  .C/C)  /12.0 

CCRR*F  DCuCM  CGKR ,  C  ,  tk  ,  k  ) 

ACJCI  =  (  (CENT t I'.+UTH tk )  /  2.01  +  CCRR 

TFE  REGISTRATION  RANGE  ERisOR  IS  RECORDED 

RANGE=ACJC  I 
RC-SFFT  =  FGSFFT+CORR 
iFIMTGT.Ew.liGO  TC  86 
74  I F  (  I  GOOD .  EG  •  1  )G  3  TO  58 

IF  CRITERIA  FOR  ADJUSTED  DEFLECTICN  HAS  NCT  EEEN  MET, 
FIRING  16  CD NT  IN  Uc  D  USING  ADJUSTED  ELEVATION  DATA  UN¬ 
TIL  ADJUSTED  DEFLECTICN  IS  ACHlfcVEC 

NN=NN+  1 
N  =  N-H 

RG= (RAN ( C ) )*?EK/.6745+RANGE 
DF= ( RAN { 0 ) )*PED/ .6743+DEFLEC 
RGl=kCTFCR(LF,RG,STl ,CT1 J 
OF 1-KO  f  FOO (OF , KG , S 1 1 ,CT  X) 
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FCRG=RCTFGR(DP,  RC,  STFG,  CTFO  ) 

F  CCF»R0  I  FDD  ( L»  ,  RC  .  S  TFC  ,  CTFO  ) 
IFUrtSIKGlJ.LT.A.ANLT.AuBIQFll.LT.BIGCJ  TC  88 
F  L  k  G  b=  l  c T  3  N S  ( I  G  K  C- 1  F  G  0  F  , 1  f<  o » tl K G ) 

FCCF S=LN$N  S  (  CODE  ,  ZLC  ,  LCF) 

F  C CF S=  D  t F  S N  S  (  AN  jLI  .F'JKGSf  FODFS) 

FCCFSl  (  NM  =FuOFS 
1 F  (  \M  •  E C  •  i  1 C» U  TO  59 

IF  TWO  CCUiruL  DEFLECTION  SPOTS  ARE  A1  T A  li\ EG  IN  SLC- 
C  ESS  I CJN  AN  0  A  OF  ELECT  1  ON  BRACKET  EXISTS,  TEE  CcFLfcCT- 
ICN  IS  CONS  luERLO  CORRECT 

lF(f:DUF$l(NK).EU.C.G.ANL.FDDFSl(NN-l).EQ.C.C)GC  TC  57 
59  IFIFOUFS.EG.O.GICO  TO  74 
KF  =  KM  1 

TAeLEA(KF,21-L‘EFLEC 
TAELEA(KF,21  =  FL»UFS 
CALL  DuFCHK 

IF<  IGU.jC.EG.  L1CO  TO  58 
GC  TO  74 

57  IE( IuPP.cu.iJG0  TC  58 

A  CEFLfcCT ICN  BRACKET  IS  FORCFD.  ThE  MEAN  CF  THE  DEF¬ 
LECTION  BRACKET  IS  TAKEN  AS  ThE  ALJUSTLC  EEFLECTICN 


70C 

tcc 

151 

150 

71 

72 


NCNE=0 

IFIKA.EQ.O.AND.KF ,EQ  .0)00  TO  60C 
lF(TAbLEA(KF,2) .GT.01GG  TO  150 
NCNE*0 
GC  TO  151 
NCN  E= l 

APL=AB5(ADD) 

GC  TO  71 
AFL=AbS (ADO) 

GC  TO  71 
AFL=-AoS(ALL) 

NCNL“0 

DEFLcC*DEPLr.  C+APL 
CEFAPL=LtrAPL+APL 
DEF=UEFLEC-C'EFAPL 
N  =  N+  1 

RG  =  (Kai\  (0  1  )*PER/  .b745+RANGE 
DP= (KAN ( G1 1  *PEu/.6745+CEFlEC 
RGl«RfHF3Mkt..,UF  ,ST1,C  Til 
CF1-RQT  PCD (xG, bf  , ST  1 , CT 1 ) 

FCRG=ROT  FOR  (  OF  ,  RG  *  STTC  * C T *=  C  * 

FCCF=KGTF0010F,  AG,  STFD.CTFOl 

IF(AbS(RGl 1 .LT.A.AND. AbS(DFl) .LT .E1GG  TO  EE 

FUkGS=ObT  SNS( f  ORG  ,FCl»F  ,  ZRG  ,  RRG) 

F CCFS=L NS  NS ( EODF, ZCF, wLFl 
F DDF S=DeFS NS  (  ANwLT  ,  FOxC-S,  FOCFS  1 
IFIFDOFS.EO.C.OIGJ  TO  57 
KF=KF+  1 


TAELtAI KF ,2) =FDCFS 
TABLEAI KF, Jl=DEFLfcC 
CALL  DEFCHK 
IFllJPP.EC.llGQ  TC  53 
IFINONE.EW. l)DEFLEC=DEF 
I  F  (NONt; . EC  .1  )  GO  TO  700 
IF (NONE , EQ.G) GO  TC  72 


IF  TARGET  DESTRUCTION  IS  BEING  INVESTIGATEC  AND  TARGET 
HIT  HAS  NOT  htEN  AGHlEVcJ  IN  • KEG1STRAT 1 CN '  PCkT ILN. 
THEN  SUCCESSIVE  GROUPS  GC  SIX  RCtNUS  ARE  FIRED  UNTIL 
TARGET  FIT  lb  ATTAINED 


8b  N F=0 
N  1  TfcR  =  i 
ILK  =  0 
ISF=U 
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R  ANGfc  =AC JC I 
DtF'fKY-C.C 
85  N  =  N*l 

ii-Ci..Gr aoo)GG  rc  200 
NF-NF  +  1 

RC= (KAN (0 )  )*PER/  ,  1 7  4  5 + R  AN  G  E 
OP  =  (  hA  i\  ( 0 )  );’ji-’Ei-/.o/4,j+L.i;ELLC 
|K  Cj  i  —  r  «. 1  l  t  ^  (  Ur  j  tl  t?  f  i  f  1  »  C  1  l) 

CPl=K01  F;G(tr,t,ctUI  1,C1 1) 

FCRG-FOIF  J.<(  OF  ,/.G  ,£TrC  ,CTrO) 

FCCF-ROT r  ~  'J{  ul  ,Kg,  STFGtCTFOl 

IF ( AriS ( Fol )  ■  lT  .  A . ANC • ALS ( OF  1 )  .LT  .  E  )G3  TO  8fc 

P0RGS=U  u  1  S  !\  S  (  K^j  ,  F  C Or  i  /  r- 6  *  FKG) 

FCcr-s=cNSNS(t  ;; a ,  /  l  f  ♦ w l f ) 

FDRGSr 1\  No  b  NS  (  A*  .b  L  T  »FGPuS»r-C'LFS) 

FLDFS=  DE  FS.,  i  (  A, «>..L  1  ,P.jRG  S ,  FODf  $) 
l  F  (  FL'OFS  .  t »  .0  .  J  )  Gf;  TJ  170 
I  F  (  KoOL .  .  i )  0-  T  L  175 

KF=KF+  1 

7AELI-a(KF,2)-F  I.  UFO 
T  A  h  L  L  A  (  K  F  ♦  J  i  =  L)  'c  r  L  E  L 
CALL  L):  FCPK 

IF(IGC,rL.EC.JlGO  TC  17G 

175  APPLLF  -  0  N  c 

I F ( FDDt  S  . G T .0.01  GO  TO  176 
£EFLLC=LtPLLl.+APPLCF 
GC  TO  l 7 C 

176  C  EFL  t.  G  -  CEFLEC-aPPLDF 
1  7 C  IF  (FUkL-S  I  l/l  1 1/4*173 
172  NiF*N( —  l 

GC  TO  b  5 

171  ISh*iSh+l 

1 F  (  NF .  L  (.  .6  )G0  70  174 
GC  in  dS 

172  1  C  R-I OKf i 

I  F  ( Nl  .  tC  .  6 )  GO  10  174 
C-C  TC,  o 5 

174  M  TER- \  1  7  EK+l 

IF  (Nil  LK  ,GT  .4  )0  I  Tl:F.  =  4 
2N*1  .0/ I  LCAT(MTdk) 

C  —  C  FC 1  K  ( Kfv  t  R cj  S»  I f ■  T  »  i  C  nG ) 

C  IF=l  IS  I —  10k  ) 

C  C R  R *  L  N  >'•  V I  F  *  (  F '  it  KT  F  *  1 0 0 . 0 /  C  )  / 1 2  . 0 
CCRRcP 0  LKL  K  (  CGm'-'  tC,6R»N) 

RGSFF1  =  RGSF.FT  ■*(.uKR 
RANGt=RANGc+COkK 
NF*0 
ISF=0 
I  CR*0 
GG  TO  65 
88  NTQT=N1GT*1 


TFE  SIMULATED  MISSION  IS  COMFLE TF .TALL  I  E S  CF  REGIS¬ 
TRATION  ERRORS,  ROUND  D.PtiNLITUK  ES ,  TARGET  FITS  AND 
INVALID  REGIbTAATI CNS  ARE  RECCKCEC  FOR  STATISTICAL 
ANALYSIS 

58  CFECK=DEFLEC 
A  C JC I~R  ANGc 
NCTRGT=NCTRGT+NTGT 
NKCS=N+J 

RISU1S=SJRT(ALJCI**2+CFECK‘'5*2) 

DT  SQ=OT  S0+M1  SOLS''*? 

M  STCT=  P ISTOT  +M I  SC  IS 
KGMISS=RGMISS+AOJCI 
RM I S=  RM I S  +  A6S ( ADJC  I  ) 

PCSv,=RGSC  +  ACJCI  v*2 
OFM1SS  =  OFVI  SS+C.iECK 
CRIS-OMIS  +  At'S  (CHECK) 

DFSC  =  0FSC  +  CHECK«v«2 
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1 1<  D  S  —  lr.JS  +  NrtjS 
RCSi.=  k0  j  !*  +  (<!■ ••GS",!*2 
JkC.SsJkL-b'riV 
J  SC^J  S  j  +  il*  '2 

=  ( f-r-  i^c ) 

f  h  l  Dr  j  =  ff  loi  +;.r.  st  rft  r.f- 1 

F  t  I  0  b  u  -  I  i  M;  j 1 .  *1  F  I"  L  S  o  )  :  :  <_ 

F  E  L  f  S  0  =  (t  J- 1  L  f  )•'-/' 

Mk  t -f  F l.  r.ij  :i  i  i:  t'ot-  Fr  EL  F-Ji  F  CDF 


Mkt=bji. i  rr<‘  ) 

FFF.  J. -i^l-i  +  kkL 
MR so— r-u  b^+y.'t'  vke 
1 F  ( M  —  7  D v) )  c u  j  » .-» 0 U »  2CC 
AVMIbb=MlSiCl  /I  lOAI <NI  J 

SDMD-  S  wk  1  (  (  Jl  Sw/FLuAH  M  )  )-AVMI  SS*AVMI  SSI 
WRITE-  (L  ,  bGO't  )  A’H.1. 1  ,  FALKS 
W  R 1 1 1  (  c  » S 1  C  U )  *.  •  -  ♦  JU 
W  H  1 1  w  ( w  i  c  b  J  J  )  >.k  f  V.  L  F 
R  G  A  V=  F  F  t  R  G  l  /  f-  l  k  T  ( N  I  ) 

SDA  Vk*S0kT(  1 1-  r  •  o  WFl-CAT(.\l  )  )  -kGAV^RGAV) 
WFITu(j»l>UGi)J.  j^VtSLAVk 
UfAV-  ri-FGH/i  l  /<T(M) 

SLA Vu-  SLn  T I  l  i  c  ..’r  j'j  /KHATIM  )  )-DF  AV*0FAV) 

W H I T t ( o  f /DKHDr,,V» SL«VD 
AVki'E  =  ;-'KLi/f  LuATI  M  } 

SUMRc«Sv;*l  ( <  ‘U  bw/FLOA  *  h\I  )  )-AVMftfc*AVMRL  ) 
WRITE  (6, 9110  )AV,ir.L»S  uMik  t 
WR  ITf.  ( 6  f  SCC'J  )  A  V  M  I  b  S  *  bOMD 
A V k G L K  =  k G  II b b / F L 0 A  T  l  i . !  ) 

SCRG'-SuFl  (  {■  gSu/FlCIAUNII  )-AVRGEk*AVRGEk  ) 
WR  I 1 L  (  o  t  9  C  L 1 J  «  V  •.  G  t.  R  t  S  EH'  G 
AVLrik=GF;‘,Ibb/i  lOAT(N)  j 

SCtF«i>u.«T(  C  i; S../FLCAT  (M  ))-AVDF  £  R*AVDFEk  ) 
WRITE  { (.  ,9CCL  I  A V :>F fc  P  ,  SDQF 
RAV-kl*'  1  S/I-  LHAT  (N  i  ) 

0AV--UM  S/FU.AT(M  ) 

W  R  I  T  t  (  c*52«-u)K/»V,LAV 
AVRUS=  J  rvGb/t  EEjmT  (N  i  ) 

Sl.Rii---Si.RT  1  (HubG/FLCAT  (N  1  ))  - AVRCS  * AVKDS  ) 
WRITE  (  b  i  9  0  G  J )  A  V  k  D  S  »  SORU 
A  V  J  k  Ub  -  J  i".  J  b  /  f  L  J  A  T  (  N  I  } 

SGJfs-SUkTi  (  Jb«/FLLAT(U  I  )  )-AVJkDS*AVJKCS  ) 
WR  1 TE  (  u  t  CCGF  ) »-  VJixbb  »  Si.)  Jk 
W  R  I T  t  ( 1 1  V  V  0  J  J  •  M  l  ■  iJ  i  u  L 
WR  1  T  t.  (  t « 99  sG  j  NOTkGT 
I F  ( 1  GO  )  b L C  t  1  •  5  3  3 


9011  FCnMmT  (  •  i. • 

It, 2) 

9004  FORMAT < • 0 • 
6b0C  FORMAT ( *  • 

lDc  V  i,vT  1  CiM 

9006  FORMAT ( 1  • 
12) 

9007  FORMAT ( •  • 

12  ) 

9  1 1 C  FORMAT ( *  • 
900C  FORMAT { •  ' 
IEV  =  ' » F9  .2  J 
9CC  I  FORMAT (  '  ' 
l  * . F  9 .2  ) 
90C2  FORMAT ( '  ' 
1 2  ) 

9003  FORMAT (•  • 
12) 

9005  FORMAT ( *  » 
12  ) 

99CC  FORMAT ( '  • 
9  ICO  FORMAT ( 1  O' 
IV  OF  GUN  c 
52CC  FORMAT ('  ' 
IM!  1SS=S  F9. 
9990  FORMAT ( *  • 


*  T  7 »' RANGE- • »F9.2»7X|  •  P ER^ ' , F 6 . 2 , 7X, • P ED= • , F 


i T 7 »  'ANGLE  T--= 
,T7  PERCENT 
ukk  Ok  -  *  »  F  9. 3 ) 
,T7 ,«  AdS  AV  F 


» T7  i 
i  T  7 » 


•,T7, 'TOTAL  IINVALIC  R EC  ISTRAT I CNS=  • ,  16  ) 

' » T7 » ' STD  DEV  GUN  CE  E RkCR= • ,F o . 2  ,  T60 , • S TC  CE 
d FR (IK- '  ,  F6  .2  ) 

'  » T7 » ' Ab  SRANUE  MISS  =  '  fF9.2»T60, • AESCEV I  AT 1CN 
•tTY. 'TOTAL  TARGETS  STRUCK=',I6i 


' »F9.2»T  tC» 'HALF S= ' ,F6.2) 

RANGE  ER«0R  =  '  ,(-9  .3,5X,  'PERCcNT 


AdS  AV  FFE  RG=',F9.2,T60f 'STC  DEV='tF6. 

AGS  AV  FFE  DF =• , F 9 . 2 » T60 1 ' S 1 C  CEV=',F6. 

FFE  M R E  = '  »F6.2fT60»'STD  DEV  MRE  =  ',F6.2) 
A  V  ERAoF.  MISS  Di  S  TANCE*  • » F  9 . 2  #  TcO » '  SI  C  0 

AbS  AV  RANGE  ERR C P= » , F9 .2 , 160 , • STD  CEV= 

AES  CEF  ERR0R  =  ' , F9  .2, T60, 'STC  DEV=',F9. 

AVE  ROS  FIRE0=',F6.2.T60» 'STC  DEV=',F6. 

AV  FFE  ROUND S  =  *  »F6.2»T60i 'STC  DEV=*  »F6. 
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bC2  S1CP 

enc 
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PROGRAM  LISTING  UP  ROBB  I  NS- NGNRC  TYPE  PRECISION  FIRE 
FRCCcUJRE 


USER  IN  FORMAT  ION  . 

TFE  PROGRAM  AS  WRITTEN  RILL  INVESTIGATE  CMY  THE 
FCLLC*1NG  AM  UN  IT  I C  «\  PARAMETER  INPUTS  EXTRACTED  FRCP 
FIRING  TAoLES  TM  155-AH- 2 


CHARGE 

RANGL(RN) 

ICHG 

PER 

PED 

EG3 

2  000 

59 

7 

1 

5WB 

5500 

51 

2C 

i 

SOB 

6000 

5 

12 

3 

t 

8000 

6 

27. 

4 

fc 

10000 

61 

34 

5 

FCR  ETHER  PARAMETER  VALUES  TPE  USER  MUST  MAKE  APPRO¬ 
PRIATE  CHANGES  TO  FCRKP,  FORKT,  ARC  CFCTR  RCUTINES 

TFE  USER  MUST  SPECIFY  THE  FOLLOWING  INPUT  PARAMETERS: 

A-  THE  TARGET  SEMI MA JO R  AXIS  IN  METEFS 

B-  THE  TAKGET  SeKIMINDR  AXIS  IN  MET  E  FS 

TLTANG-  THl  TARGET  ORIENTING  ANCLE  IN  MILS 
MTGT-  SET  M7GT-G  IF  R Eu I STRAT ICN  JESIREC 
ISPEC-  SPECIFY  TFE  NUMPBk  CF  PCSITIVE  RANC-E  SPOTS  AT 
EACH  ELEVATION  SETTING  DESIRED. FCF  THE 
RECOMMENDED  PROCEDURE  StT  l6PcC=l 
NRGUND-  SPECIFY  THE  NUMutR  CF  GRCUPS  CF  PCSITIVE  SPCT 
KOUNOS  DESIRED  UP  TO  10 
SET  XT GT - 1  IF  DlSTRUCTICN  DESIKEC 
AGP-  SET  ADP  =  I  TC  SIMULATE  FII  E  DIRECT  ICN  CENTER 
RANGE  CORRECT  IONS  TO  NEAREST  10  PETERS 
ANGLT-  SPECIFY  THE  ANC-Lt  T  TO  EE  INVEST  I  GAT  EC  IN  MILS 
FALFS-  INSERT  THE  APPR.OPNIATE  nALFS  VmLLE  SPECIFIED 
FCR  ANGLE  T 

FCANER-  SPECIFY  THE  STANDARD  DEVIATION  CF  CESERVER 
ANGLE  r  ERROR.  IN  MILS 

YPG-  SPECIFY  PROBABILITY  OF  CESERVER  RANGE  SPOT 
ERkOR  IN  ACJCSTMENT  PHASE 

YCF-  SET  PROBABILITY  ^  OBSERVER  DEFLECT ICN  SPCT 
ERROR  IN  AC JUST ME NT  PHASE 

WRG-  SPECIFY  PROeAtsl L I T Y  OF  LtSERVER  RANGE  SPCT 
ERROR  IN  FIRE  FOR  EFctCT  PHASE 
WCF-  SET  PROBABILITY  OF  OBSERVER  DEFLECT  ICN  SPCT 
ERROR  IN  FIRE  FOR  EFFECT  PHASE 
2  PG » ZDF-S  ET  TO  -I.G  IF  OBSERVER  SPCT  ERROR  PROBABILI¬ 
TIES  ARE  TC  fat  APFLlEDj+l.O  IF  NC  CBSERVER 
SPCT  ERROR  IS  DESIRED 

BP.OC-  DUWMY  VARIABLES  .<hiCh  MUST  EE  SET  TC  C  .0 
OTRG-  THE  OBSERVER  TARGET  RANC-E 

1CFG-  THE  PJ..UER  TYPE  AND  CHARGE 

RN-  THE  RANGE  IN  MtThRS  TO  CC  WITH  IC  F  G 

PER-  APPROPRIATE  PROBABLE  ERROR  IN  RANGE  CCRRES- 
PCNDING  TC  ICHG 

PED-  APPROPRIATE  FRCEABLE  ERROR  IN  DEFLECT ICN  CORR¬ 
ESPONDING  TO  ICHG 

REAL  MREl,MRSCiMRE,MISDIStCTRGtMISTCT 
LOGICAL  LESS 

DIMENSION  AGJCI ( 10 ) » CHECK ( 10 ) » NOT RGT ( LO ) . NRCS < l 0) . NR FR 
10 ( 101 » M I  SO  I S ( 1 0 1  » 0  T  S  ™  ( 1 0 )  tMISTuT ( 10 1 .ROM  1 SS ( 1 0 1 i  AFM I S ( 
1 10  1 »  RGS  u,  (  lu)  «  OHM  i  SS  C  IGltAFMlSt  1C)  .LFSUC  1C1  »  IRDS(  10)  ,  RD 
iSC( 10) t JRCS(IO)  ♦  JSuClO) ,LTGTS( 10) .AVMISSI 1C  ),SDMDl 10), 
1AVRGER(  10)  ,SDRo(  l  C )  ,4  VDrtrK  <  1C ),  SL L  F (1 J ),  A  V PCS  ( 10  )  .6  CRD 
I  (  10  ) »  SO  JR  (  10 ) » r\M  (  1  c  ) »  CM.  (  lu )  »  AVJRO  S(  iU )  »  PL  S  (  EC)  t  FDDH  s  1  ( 
ISC) 

CCMMON  TABLEA(50ii)  ,KA , KF , ADD , RN  ,DEFLEC  » I GC CC » CNE » T WC » 
1  FCURt  F  1 VE  i  E  IGHT  ,  S  IXTcN»  NODEF »  1CIPP 
l CC=-2 
C 
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C  FISSION  TY Pc  IS  SPECIFIED 
C 

F  T  G  T = 0 
HP=l.O 
NPCuND=10 
I  SPEC* 1 

THE  AMFUMTICN  PARAPET  EPS  TC  BE  1NVESTIGATEC  APE  SET 

I CFG=5 1 
PN=550C.C 
PEP=20.C 
PEC=3.Q 

ANGLE  T  AND  APPROPRIATE  HALFS  IS  SPECIFIEC 

ANGLT  =  l  C.  C 
FALFS=  2  ,0 
GC  TC  i>02 
5CC  CCNTINUE 

ANGLT=dCC.C 
F ALFS=4  .0 
GC  TO  SC 2 

501  CCNTINUE 
ANGLT= l fcOO .0 
HALFS=d.C 

502  T*»0Pl  =  6  .283184 
I CC=I DO  +  1 

TARGET  PAR AMT ERS  ARE  SPECIFIED 

A=  £ .  0 
E  =  5  .0 

T  0 TANG-0 .0 

TFETAl=<TGTANG/640C.0)*TKQPI 
ST  l  =  S  I  N  (T  HPT  A  l  > 

CT l*COS ( ] hETAI ) 

CCUNTERS  AND  VECTOP  ARRAYS  FOR  ALL  MISSIONS  ARE  ZEPCED 

DC  854  1*1,10 
AVPGEK (  I)=0.0 
DTSUI  J  =0.0 
FISTOTI I ) =  C. 0 
PGFISSI  1  )=U.U 
APMSII  J  =0.0 
PC-SCd  >=C.C 
CFFISSI  I  1  =  0.0 
AFFISI 1 ) =C . 0 • 

CFSQI 11=0.0 
ipcs(I)=o 
RDSQI 1 ) =0  . C 
JPCS ( I ) =0 

jscm=o 

LTGTSI I )=0 
AVFISS (  I)=0.0 
SCFDI I J  *0.C 
SDRGI I I=C.C 
AVCFER (  I  >=0.0 
SCDFt 1 ) =C.C 
AVPCSU  )  =  C.O 
SCRC ( I ) =0  .0 
AVURDSI I)=C.O 
SCJRI I )=G.C 
RFd)«0.0 
OF ( I ) =0 . 0 
854  CCNTINUE 
FP E  1  =  0 . 0 
MRSU=0. C 

ff:-kgi=o.o 

FF  tCFl =0  .0 
FERGSU=C.Q 
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F  ELFSG/t  C » C 


OBSERVER  TARGET  01  STANCE  IS  SET 
C  T PG=2  SCO 

TF ETA  IS  CONVERSION  uF  ANGLE  T  FROM  MILS  1C  RADIANS* 

TPcTA=<  ANGLT/64G0.  C)*TWCPI 
SI =  SIN( ThETAl 
C  T  =C(JS  (  THETA] 

TF E  RANDOM,  NUKbER  GENERATOR  IS  INITIALIZED. 

$  TAR T= RAN ( —351) 

FARAMf; TER  TEST  IS  USED  TC  DET ERMINE  WHEN  TC  ENTER  INTO 
FIkE  F(JK  EFFECT  PHASE. 

TEST1=IC0.0 
TEST-So  .0 

IPIPEk.GT  .3b .0) TEST= 100 
M  =0 

2CC  M  =  NI  +  1 

TFE  OBSERVER  SPOT  ERPQP  PARAMTEPS  ARE  SPECIFIED 

Y  RG=0  .0 
YDF=0.0 
KRG-0 • 0 
RCF=0  .0 
l  R  G  =  1  •  C 
ZCF= I . 0 
ER=0.0 

ti  c  .  o 

TFE  OBSERVER  ANGLE  T  ERROR  IS  APPLIED  TO  DETERMINE  THE 
TRUE  ANGLE  T 

FC ANER=  0  .0 

ANGFO=ANGLT+IRAN(OI I^FCANER 
TETAFOMANGf  400. Cl vTWOPI 
STFC=$  I  MTF.TAFJJ 
CTFC=CQ$<TETAFUJ 

TFE  INITIAL  BURST  LOCATION  AT  START  OF  EACH  MISSION  IS 
ESTABLISHED.  IT  IS  ASUMED  T  FAT  TFE  INITIAL  ROUND  WILL 
BE  UNIFORMLY  01 SIHIBUTED  IN  AN  8CC  cY  40C  PETER  RECT¬ 
ANGLE  CENTERED  UN  TFE  TRUE  TARGET  CENTER 

RANGE  =  RANI  1) *400.0 

IF (RAN(  l)  ,LT .  ,5)RANgE  =  -RANGE 

OEFLECssRANIl)  GO. 0 

IF IkaNI  11 .LT..5I0EFLEC=-DEFLEC 

COUNTERS  ANO  VARIAELES  FOR  EACH  MISSION  APE  ZEROED 

DC  853  1=1,10 
ADJCim=C.Q 
CFECKI  I  1=0. U 
NCTRGTI  11  =  0 
NRDSI  1  1  =0 
NRFkOI  I  1  =  0 
MISCISI  11  =  0.0 
853  CONTINUE 

CC  99  1  =  1,50 
FCSI 11=0 
FLOPS  1 1  1 1  =  C 
99  CONTINUE 

OC  400  I M=i , 50 
OC  400  MM* 1,3 
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400  T/tLL-MC  l.M,MM)=u.O 
SHIFT *G.C 
FCCCR-G.C 
FCLFCR^O.J 
RGSHFT  =  C  •  C 
1CR  =  0 
I  SF*0 

0cHKY  =  C.C 
I  L'CUT  =  0 
IGCCD=0 
N  =  C 
K  A  =  Q 
K  F  =0 
J  =  C 


M7ER  =  C 
ICNE=0 

ALL=hALFS*SN*0.001 
CHK=RN“C.CCl 
CNE-ChK 
T  *C=CHK  *2  •  C 
FCUR=CFK*4  .0 
F I VE=CHK*B  .0 
E  IGHT«CHK*E.O 
SIXTEN=CHK*l6.0 
P*1.0 

IShlFT  =  1C00 

TFE  ADJUSTMENT  PHASE  IS  ENTERED 


TFE  OBSERVER  CORRECTIONS  ARE  TkANSFEREO  TO  THE  GUN 
TARGET  COORDINATE  SYSTEM 

1  SFFT0F  =  PCTGMKF0C.uR, SHIFT, ST,CT  ) 

SHF TKG=KCToNk(F0CCk« SHIFT  ,  bl ,CT) 

IF ( ADP ■ GT .0.0)SHFTRG-RUQFF( ShFTRG) 

THE  C-FACTGR  IS  CCPFUTED 

C*CFCTR  (RN, RGSHFT,  ICHG) 

TCTAL  RANGE  CORRECTIONS  ARE  COMPLIED 

RGSHFTeRGSHFT+SHFTRG 

RANGE  ANC  CEFLECT I ON  CCRRECTIONS  ARE  APPL 1  EC » TFE  AIM 
PCINT  CORRESPONDING  TC  ELEVATION  AND  DEFLECTION  COR¬ 
RECTIONS  IS  COMPUTED 

RANGE=RANGE+FDCRCR ( SHFTRG, C , BR  » R  ) 
LEFLtC=CEFLEC+FDCDCR(KN, RANGE, SFFTDF,BD) 

OBSERVER  SPOT  ERRCR  IS  CHANGED  FRCP  ADJUSTMENT  ERROR 
TC  FIRE  FOR  EFFECT  ERROR. IT  IS  ASSUMED  THAT  THE  PRO¬ 
BABILITY  OF  OBSERVER  SPOT  ERKUR  WILL  BE  GREATER  IN  THE 
FIRE  FOR  EFFECT  PHASE 

IF(IABSUSHIFT)  . Lt .TEST! ) WRG=YRG 
IF(IABSUSHIFT)  .LE.TESTl)  WOF=YDF 

DETERMINATION  TO  ENTER  THE  FIRE  FCR  EFFECT  PHASE  IS 
PACE 

IF(IABS(I SHIFT) .LE.TESTIGO  TG  101 
J  =  J  +  l 

ACTUAL  BURST  LOCATION  IN  GUN-TARGET  COORDINATE  SYS- 
TEP  IS  COMPUTED 

RG= (RAN (0  )  )*PEK/ .6745  +  RANGE 
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OF  =  (RAN (0 )  )*PEU/  .o/45+CEFLLL 


ACTUAL  CURST  IMPACT  LOCATION  IN  THE  TARGET  COORDINATE 
SYSTEM  IS  ESTABLISHED 

RCl*ROTKJk(Or-,RG,  ST  X,  CT  1  > 

DHl=K0mU(DP  ,RG,ST  1,CT  1) 

TEE  BURST  IMPACT  AS  THE  OBSERVES  SEES  IT  IN  THE  OBSER¬ 
VER  COukDI  NAT  E  SYSTEM  IS  Cuiv-JTEL 

FCRG=RuTF3K(  0*1  ,KG, STFO.CTF J) 

F  CUF  =  RLTF  u;.'  ( i  ■ » KG  »  ST  FC,CTFC) 

If<J.GT.l)bU  ru  64 

TEE  OBSERVER  DETERMINES  THE  INITIAL  RANGE  SHIFT  TO  USE 
IN  THE  ADJUSTMENT  PHASE 

EIRST=RDCE'F(ERRFCN  (C.TKG.FOkG) ) 

ISHiFT^l  SHFT  S(ABS(l>LkST)) 

A  DETERMINATION  OF  TARGET  HIT  IS  FADE 

64  IF(A8S(RGl J  .  LT . A . AND . Ab S ( DFl) . LT . E ) 10NE=1 
IFdONt.EU.DGu  TU  1UI 

CPSERVER  DETERMINES  DEVIATION  CORRECTIONS 

FCCCR*-RCCFF<  EkRCF ( CTRG , FODF  ) ) 

OBSERVER  DETERMINES  RANGE  SPOT  OF  BURST 

FCRGl=OBTSNS(FCIkG,ELOF,  ZRG,  NRG) 

I F ( FQCGR ) 2 , 3, 2 

IF  DEVIATION  CORRECTION  IS  GREATER  THAN  ICC  PETERS, 

THE  OBSERVER  RFCUcSTS  ONLY  A  DEVIATION  SHIF1 

2  I F ( ABS ( FCCCR)  .GT.1C0.C)  SHIFT-0. C 
I  F ( AbS ( FlCGR ) .GT . loG .0 ) GO  TU  l 
GC  TO  4 

CESERVtR  SPOTS  A  LINE  BURST. FIRE  DIRECTION  CENTER 
CEFLcCT I  ON  AND  DEFLECTION  SPOT  ARE  RFCOkCEC  FCR  FUTURE 
REFERENCE  FOR  DETERMINING  CORRECT  DEFLECTION  IN  FIRE 
FCR  EFFECT  PHASE 

3  K  A  =  KA+ i 
Kf=KF+l 

TABlEAI KF,2)=DEFSNS(ANGLT,FCRGL  , FCCCR) 

TAELEAI KF, 3)=DEFLEC 

4  IE(FORGi) 7,6,7 

6  SEIFT=0.C 

IF  Tt\0  CR  PCRE  GE SERVER  POSITIVE  RANGE  RCUNCS  HAVE 
EEEN  OBSERVED  AND  DEVIATION  CORRECTION  IS  LESS  THAN 
SC  METERS,  FIRE  FCR  EFFECT  PEASE  IS  ENTERED. 

I F ( JJ  .GT.L.ANO.ADS(POCOR) .L T . 50 . C) I  SHIP T  =  TE ST 
GC  TO  l 

7  JJ=JJ+1 

FC  S ( J J ) =F  CRG l 

IF ( JJ.GT. I )GC  TO  8 

GC  TO  9 

OBSERVER  DETERMINES  IF  A  RANGE  BRACKET  EXISTS 

6  IF(PGS(JJ).CT.O.O.ANC.PCS(JJ-l)  .  CT  .0 . 0  .OR  .PCS  ( J  J  )  .LT.O 
I • C . AND .PCS( JJ-i ) • L  T • 0 *  0 ) GC  TC  9 

TEE  RANGE  ERACKET  IS  HALVED 
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ISFIFT=  I $H IF T*0 . 5 
9  IFtFLSIJJJ .GT.u.OIGC  TC  60 
SF  IF  T-F  LCAT  (  1  Sl.IFT) 

GC  TO  l 

6 C  SHIF1=--FL0AT(ISHIFTJ 
GC  TO  1 
C 

C  Th£  FIRE  FCk  EFFECT  PHASE  IS  ENT FR EC 

C 

1 C 1  FF  ERG=RG 
FFEDF-OF 
r,RG  =  YRG 
WCF=YOF 
C 

C  TFE  FIRE  FOR  EFFECT  FCRK  VALUE  TO  THE  NEAREST  MIL  IS 

C  CCKFUTED 

C 

FCRKTR=  FORKT  (RN,  RGSF.FT,  ICHG) 

R=-1.0 

C 

C  TFE  INITIAL  FRACTIONAL  FCRK  RANGE  SHIFT  IS  COMPUTED 

C  BASED  ON  PER 

C 

211  =  1  .0 

I F ( PER •  GT  .  5. 0) ZI L  =  2.0 

IF(PER.GT.16.G)Z1L=2.G 

ZN=1.G/Z1L 

I F (  ICNt  .E&.DGC  TC  28 

10  N  =  NU 

PG=  (RAN  (0)  )*PEV  .6745+RANGE 
OF* (KAMO)  )*PfcD/.  6745+LfcrLEC 
RG1=R0T  FLR(CF*RG»ST1,CT 1) 

DFl*ftOTFCD(CF, kg, STl.CTl) 

FCRC=RrJl  FuR(bF,ko,  Si  FO,CTFO  I 
FCCF-RI T  FjC ( CF  ,  KG » ST  Hu »  CT  FG  ) 

IFIAtiSIKGlI  .LT.A.  AND.  AbMOFi)  .LT.EIGC  TC  28 
C 

C  Cfc SERVER  SPOTS  PRIMARY  CUADRANT  LCCATION  CF  EURST 

C 

FCRGS=DETSNS ( FORG, FODF, ZRG, HRG ) 

FCCFS=LNSNS(FCOF, 2CF,KlFJ 

C  CESERVER  SPOTS  ARE  CONVERTED  TO  FIRE  DIRECT  ICN  CENTER 

C  SFCTS 

C 

FCRGS=RNGSNS( ANGLT , FCRC S , FOCFS I 
FCDFS=jEFSNS(  ANGlT  ,FCR^S,FCDFS) 

IF( IGOuC.Ei.ilGG  TO  15 
IF(FDDFS.Et.u.O)GC  TC  15 
C 

C  CEFLECT  ION  CORRECTIONS  ARE  DETERMINED  BY  SLtJRCUTINE 

C  OEFCHK 

C 

KF=KF+  L 

TAELEAI KF,2)=FDDFS 
TABLEAI KF ,3) =DEF  LEC 
CALL  OEFCHK 
C 

C  APPROPRIATE  FCRK/ Z I L  RANGE  SHIFT  IS  APPLIED  TC  ESTAE- 

C  LISH  THE  INITIAL  FIRE  F  CR  EFFECT  RANGE  BRACKET 

C 

15  IF(FDRGS)  11,12,13 

11  LESS= . TRUE. 

C=CFCTR(R\,RGSHFT, ICFG) 

SHFTRG  =  ZN*(FCRKTR*nOC.O/C) 

SFFTKG=FCCRCRISHFTRG,C ,bR,R) 

RGSHFT=PGShFT+SHFTRC 

RANGE =RANGE+SHFTRG 
GC  TC  14 

12  I DCLT=i CCUT+i 
GC  TO  1C 
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13  LESS=. FALSE . 

C  =  Cf  C  1  R(PN,K.ShFT  T  1C!  C  J 
SHHKG=-iNMFLRK  TK>  llC.C/C  ) 

SPF1  kG=K  CrCP  1 ;» H I  T/U.,  C  , lR  tP  I 
RGSHFT  =f bSHf- 1  +  ir-.l  HG 
RANGE-R  ANGtN  SHF  TRC 

FIRING  70  ESTABLISH  THE  INITIAL  RANGE  BRACK  El  IS  CON¬ 
COCT  LO 

14  N  =  N  +  1 

RG=  (RAN(C)  ) ^PER / • 6  745*  RANGE 
CF= (R AN (0  I  )  ;,p  ED/  .6/45+CCFLEC 
RG  1-RGT  Ft  MOF  ,RG  ,  SU» CT1) 

Cri=KOrF.  D  (  U  F  *  K  0  ,  S  T  i » C  T  1 ) 

FCNGsRlTFCMLF,  kb,STPC, CTFO) 

F  COP  =  k  0 T  POD ( DF  » P  G  »  sTF  C  « CT FO I 
IF(AbSIPLl)  ,L7  .A.ANC.^tStOF  l)  .LT.BJGO  TO  28 
F C RGS=OLT  SNSCPukG  ,  PC.bF  ,  2KG, wRGJ 
FCDFS=L\'SNS(  FCbF  ,/.LF  ,  PDF) 

FDRGS  =  .<NGS.\S(  ANGl.T  ,  FJRGS,  FGDPS  I 
FCOFSsJEPSNSl  Afw  L7  ,  P  C  F  uS  »  PULP  S ) 

ifugogl.el.ug:.  to  54 

1F(F  uUPS.EL.U.U)  C-C  TC  34 
KF  =  KF+  I 

TAfcLEA(KFf2I  =  Ft»DFS 
TAbLEAl Kf  » j) =GEP  LEC 
CALL  OLFCHK 

IF(FCRGS.EC.O.O)GO  TO  14 

EXISTENCE  OF  THE  INITIAL  RANGE  BRACKET  IS  CETER MINED 

54  I F(FDKGS.LT.G.0.ANL.LESS.0R  .FDKGS  .CT  .0.0 .AND.  .NOT  . 

IL ESS  )  GO  TO  15 
NF=ISPlC 
GC  TO  1 7 C 
2£  CONTINUE 

A  TARGET  HIT  WAS  ATTAINED  IN  FITFER  THE  ADJUSTMENT  CR 
INITIAL  BRACKET  PHASE ;  THIS  NEGATES  REC'Ul RE  PENT  TO  ES¬ 
TABLISH  THE  INITIAL  RANGE  BRACKET 

IF(N.EJ.C)  J  =  J-i 
I  F  ( N  .  E  w  .0  J  N=  l 
NF  =  I SP  EC 
GC  TO  3b 
86  NF  =  C 

FIRING  AFTER  INITIAL  RANGE  BRACKET  ACHIEVEMENT  IS  CON- 
TINLEO  UNTIL  THE  DESIRED  NUMBER  CF  POSITIVE  RANGE  SPCT 
ROUNDS  10  COMPLETE  THE  REGISTRATION  HAVE  BEEN  FIRED. 

IN  THIS  PHASE  A  RANGE  CORRECTION  IS  MADE  AFTER  EACH 
FIRE  DIRECTION  CENTER  POSITIVE  RANGE  SPOT 

85  N=N+1 
NF  =  NF  + 1 

PC-  (RAN (0  1  1 54 PER  /  .C74  5+RANGE 
DF= (PAN l 0) )*PED/ ,6745+CEFLEC 
RG  l=ROTr'jp.  ( L  F  j  RG  t  ST  I  f  0  T 1) 

CFi=ROTFCD(Dr,RG,STlf CTl) 

FCRG=RGTFCR{UF,KG, STFCiCTFO) 

FCDF=RJTFOD(L)F,PG,  STFCtCTFC) 

IF(AbS(RGl) .LT.A.aNb.ABSlOFl) .LT.bIGO  TO  88 
FORGS=DbT  SN5(  FURG  ,FCL>F  »  ZF.G  «  WRG) 

FCCFS*LNSN$ ( POOP »  ZDF i WOF ) 

FDRoS  =  KNGSNS(ANGLT  *  PCRGS* FODFS) 

FCDFS*UEFSNS( ANbLT ,FCRGS,FCDFSJ 
IF(FDDFS.EC.G.u)GG  TO  170 
I F ( IGOOC . EC. 1 ) GO  TC  175 
KP=KF+1 

TAfcLEA(KP»2)=FDDFS 
T  ABLEA( KP  »3I =DEFLEC 
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CALL  DEFCFK 
GC  TO  i 70 
£6  NTGT=N1G7+1 

IFCMTGI  .EO.IIGO  70  5b 
ICR  =  lO.-:  +  i 
I  SF  =  ISH4l 
I GC0D=  l 
L  I L  =  Zl L  +  l  .0 

IFIKF.EQ.I  SPLCIGC  TC  174 
GC  TO  o5 

DEFLECT ICN  CCRRECTICNS  ARE  APPLIED 

175  AFFLDF  =  CNE 
IF(FDDFS.GT.O.G)GC  TO  176 
CEFLEC=DF.FLf-C+APPLDF 

GC  TO  I  VC 

176  CEFLEC=DbFLFC— APPLET 

170  IF (FCkGS)  171,172, 1  Vi 
172  NF  =  M —  l 

GC  TO  d b 

171  I$F=lSH+i 
Z1L=ZIL+I.C 

IFINF.EC.ISPECIG'J  TQ  174 
GC  TO  S5 

172  icn  =  io,s+i 
ZIL=ZIL+1.0 

IF(NF.  EC.ISPEOGC  TC  174 
GC  TO  6  5 

RANGE  CORRECTIONS  ARE  COMPUTED  AND  APPLIED 

174  NITER=N ITFR+l 

C=CFCTk(RN  f RGSHF  T , ICHG) 

ZN-1.0/ZIL 
C I F  =  ( ISh-lOO 

CORR^Z.N^lJ  I  F;,{(  FCRKT  R*  1CC»  0/C ) 

CCRR=FuCnCR  I  CORK »  C ,  Eh » k  ) 

RGSHFT-RbShFT+CORR 
RANGE  =  •'  ANGu+COkn 
ACJCI (NIT  HR J=RANGE 
CFECKCNl 7 tRI-LERLEC 
N07RGTC  MTFk)  *NTG7 
NRCSIMTER  )  =  N+J 
NFFRD ( NI T  E R ) -N 

M  I  SO  IS  (  Ml  ER  i  «J>CRT  (  ADJC  UNITER)  *  AD  JCI  (NITER  )+ChECK(MT 
1ER  )*cHECK  IMT  ER)  ) 

IF  THE  SPECIFIED  NUPbER  OF  ROUNCS  HAVE  BEEN  FIRED, THE 
REGISTRATION  IS  CGMPLETE.  IF  TARGET  Dt STRICT I  ON  DATA 
IS  DESIRED,  FIRING  IS  CONTINUED  UNTIL  A  TARGET  HIT  IS 
ATTAINED. 

IFINROJND.EC.NITER.ANC.MTCT  .EC.OiGC  TO  58 
NF=C 
ISF*0 
I  CR  =  0 
GC  TO  U5 
58  CONTINUE 

TFE  SIMULATED  MISSION  IS  COMPLE Tb  .TALLI E S  CF  REGIS¬ 
TRATION  ERRORS, TARGE1  FITS,  AND  RCUND  EXPENDITURES  ARE 
RECCRDED  FOR  STATISTICAL  ANALYSIS 

DC  600  1=1  , NITER 

OTSQI  I)  *DTSO(  1H-PI  SCI  SI  I)*MISDI  S  { I) 

MSTOT  (  I  )  =  iv  I STUT  I  I J+MISUISI  I ) 

RGPISSm  arvCMISSm  f  ALJCI  (!) 

ARMISIi  )  =  AkP,IS(  IJ +AbS<  ADJC1  (  I  )  ) 

RGSU  I  I)  =  RGScm  +  ACJU  (  I  ):ADJC  1  (  I ) 

DPMI  SSI  I )*DFMISS( I)+ChELK(I  ) 

AFPISI  i )  =  AFM IS  I I ) +A6S I  CHECK  <  I  l  ) 
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D  F  SC  < I ) =UF  SC  C I)+CFbCK !i )*ChtCK(  1  ) 

I  R  0  S  (  1  1  a  I  kus*  I  )  +  NFfa£(  n 
f'LSC(i)-l<LoG,(  I  MI.HM  1  )'  NROS!  I  ) 

JRDSU  )  r  J  R  G  S  1 1 )  +  N  M  F  G  !  i) 

JSQ! I ) = JSC ( 1 ) +NRFRb ( 1 ) 1 NkFRU! I ) 

LTGIS  (I  )=l!GTS!  I  )+!vuThtT<  I  ) 
ecc  CONTINUE 

FFZRG1M F  E k G 1 +A b  £ { F F  ^  k  G ) 

FFtLFl  =  FF£L)f  i+Abo!  FI  EOF) 

FfcKbSU=FEKG£t+(Ff  E  kb  )  *: *2 
FEOFSO*  FL£>PS'»  +  !FFtDF)**2 
Mkt  =  FFrkG*FFtftG+FFECI:*FFEDF 
MRE=SQkT  (MRfc) 

MR  £ 1  =  Nun  E  1+MR  t: 

M  k  S  C  =  M  k  S  C  ♦  iv  t\  t  *  M  k  E 
IF!  NI-7£»C)2CC, 300,300 
2GC  Z  IP  =  FI.CJAT (Nil 

WkITE!o  ,9011  ) RN , P£R , P  EG 
WKl  TE(  o  ,9CC-'*)ANGL7  ,F.aLFS 
ft  k  i  T  £  (  o  ,  1 0  u  u  1  n k  G  i  ii  F 
kCAV  =  FF£kbi/F  LuAT  !M  ) 

SGA VR=  Sf.P  7  ( ( t-  tko  SU/FLGAT (  N1  )  )  -RGA V^RGAV) 

Wk  IT  f:  (  6  »  900b  )  RGmV  ,  SCAVK 
CFAV=FFfcDFl/FLOAT<M) 

SCA V0=  SGft  T  ( (  F EOF  SG/F  LtiAT (  Ni  )  )-DFAV*DFAV) 

Ink  ITE  (6  ,9007  )LFAV,SCAVC 
AVKRfc*MRE  1/FLCA7  (M) 

SCMRE=S  CRT ( l XR50/FLGAT (NI ) )-AVMRE#AVMRE ) 

WRITE (6  .9110) AVMRE.SDMRE 
DC  601  1=1, NITER 
A  V  M  I S  S  !  1 ) =M I STUT  1 1  ML  IP 

somu!  n=stRT(  (otsg<ii/zip)-avmiss(  i)*avkiss  u  n 

WRIT  E<b,99C7)  I 

ftkITE(o  ,9000  JAVMISS!  I  ),SDMD!  I) 

AVRGERt  I)=r.v,MISS(  D//-IP 

S  CRG!  I  )  =  SORT  ((RG.SJ!  I )/ZIP)-AVRGER<I)*AVRGER< 1)) 
WRITE!  fa  ,9001  ) AV Rut M!  )  ,  SDRG  (  i ) 

AVUFlM  1  )  -i)F  MISS!  I  J/Z1P 

SLCF! I )  =  SOO  < (OFSC! I ) /Z  IP  HAVOFER  !  I  )«AVDFER ( 1 ) ) 
WRITE  (o,9CG2)AVDfck!I )  ,  SuDF  (  i ) 

RM(  I  |*ARMISC  I  I/ZIP 
DM  I  )*AFM.IS  (  i  ML  IP 
WRITE! fa  ,99 Co] RM( I  } ,DM{ I J 
AVKOS!  I  I «  I <  !>$ (  I  i/ZIP 


SCRO!  I )  =  SU>T  ( {  kOS  «  (  i  ) / Z  IP ) AVKtJS  ( I ) ^AVRDS  (  I  ) ) 
WRITE!  fa, 90C^)AVRDS(i]  ,oORD!U 
AVJkCSi  I)*JkbS!  I  )  /  Z  I P 

SO  JR  (I  J  =SCRT!(J$G!  IJ/ZIPHAVJRDS  tl)*AVJRCS{  Ill 
WRITE! 6,9U05)AVJRDSl I ) , SO JR ! I ] 

Wk ITE ( 6 , yyGO )L  TGTS 1 1) 

8C1  CONTINUE 

IF!  IDO] SCO, SCI, 503 


100C  FORMAT!'  •  ,T  7, 


1R  RCR ■  .  r  -s 
9011  FORMAT  1*1 
16.2) 

70CC  FORMAT!  • 


F9.2) 

.T  7 , 


90CC  FORMAT ( « 

12) 

9007  FORMAT ( * 

12) 

9110  FORMAT (• 

90CO  FORMAT i »o- , 
1DEV=',F9.2) 

9001  FORMAT  !  « 

1*='  ,  F9»  2 ) 

90C2  FORMAT!  • 

1C  C  EV  = '  , 

9002  FORMAT!  • 

12) 


l*UHi’’IHIl*  ■  ,T7,*KLUI\b  (\UrDCft=',l«,fiUA,'A 
1SF9.3,  10X, 'AIM  POINT  DE  VI  A  T  I  0N=  *  ,F  9.  J) 


O' 

.17  , 

1 

»T7, 

1 

»T7  , 

1 

,  T  7 , 

0',T7, 

1 

»T7 , 

1 

,  T7 , 

F9 

.2) 

i 

» T7 , 

P  RANGE  ERROR*' ,F9.2,T60,  'P  DEVIATION  E 
RANGE= ' »  F9 . 2, 7X,  »PER  = • ,F 6 . 2 , 7X » ' PED* •  ,F 
RCUNC  NUMbER*' ,I4,10X» ' AIM  PCINT  RANGE= 


ANGLE  T* •  ,  F9 . 2 , T  fa 0 , 'FAEFS= ' *  F6 .2 ) 

ABS  AV  FFE  RG  =  ' ,r9.2,TtoO,'SlC  CbV=',F6. 

ABS  AV  FFE  DF= • , F9  .2, TfaO, ' STD  CEV=',F6. 

FFE  MRE* • , Ffa .2, T 6C  ,  *  STD  DEV  MRE=',F6.2) 
AVERAGE  MISS  CISTANCE=' , F9 .2 ,TfcO, * STC  D 

AVERAGE  RANGE  ERROR* ' , F9 . 2 ,T60 , • STD  DEV 

AVERAGE  DEFLECTION  ERROR* ' ,F9 . 2 , T6C , ' ST 

AVE  RDS  FIRED*'  ,Ffc.2,T60,'STC  CEV=',F6. 
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FlPimP  •  tTV,*AV  f  f-  E  KLONDS- »  »  Ft  .2,  T60t  '  S  7C  CEV='tF£. 
U) 

9900  F C PMAT l  '  1 , T 7  t • T31 AL  TAKoHTS  STfttCK*1 . ! 6) 

91  CO  FLF.VAl  (  *0*  * T  7  ,  *S1  U  LtV  CO N‘  LL  E F HGk= 1 »  F 0 • 2  »  T60 »  *  S  TO  CE 
IV  Cl-  L.JN  EM-.U.-  •  ,l-c. 

990t  HP.V/'IC  •  tT  7*  '  AbSKAMGl  M  I  SS=  '  ,  F  9 .2  ,  T60 ,  •  Ao  SOfc  VI A  T  I  CN 
lMSS-'  ,rS.J 

99C  7  K>Mill,C',T'i‘,'riKE  FLR  EFFECT  KCL.NO 
5C2  S  I  CP 
Ef\D 
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CCMKON  FUNCTIONAL  ROUTINE  LI  ST  INC  FOR  THE  FM  6-4  C  AND 
THE  KCBbl  NS-f'.ONRC  SIMULATION  PROGRAMS 


FLNCTICN  D  BT  SNS  (  X  »  Y  » Z  » in  I 

THIS  FUNCTION  DETERMINES  Cb  SERVER  OVER  ANC  SHCkT  BURST 
SECTS. THIS  IS  OBSERVER  ERROR  i-iJLEL  HI  AS  LESCRIBEC  IN 
APPENDIX  A 

X-  CBSERV "ft  RANGE  MSS  DISTANCE 

Y-  CbSERV.ER  DEFLECTION  MISS  DISTANCE 

Z-  INDICATES  IF  OBSERVER  SPCT  ERRCR  IS  TC  EE  APPLIED 

In-  PROBABILITY  CF  CBSERVER  CVER-SHCRT  SPCT  ERROR 

IF(ABS(X/YJ  .LT.  .362S7IGC  TO  I 
SNS  =  X 
T  =  R 

IFIZ.GT.CJGO  TO  2 
GC  TC  2 
1  SN  S  =  0 . 0 
i  C  ET  SNS=  SNS 
RETURN 
END 


FLNCT ION  DbTSNSt X» Y»Zt  to  I 

THIS  FUNCTION  DETERMINES  CB SERVER  OVER  ARE  SHCPT  BURST 
SFOT5.THIS  IS  OBSERVER  ERRQk  MODEL  M2  AS  DESCRIBED  IN 
AFFENDIX  A 

X-  CBSERVER  RANGE  MISS  DISTANCE 

Y-  OBSERVER  DEFLECTIGN  MISS  DISTANCE 

Z-  INDICATES  IF  OBSERVER  SPOT  ERRCR  IS  TC  EE  APPLIEC 

In-  PROBABILITY  OF  CBSERVER  CVER-SHCRT  SPET  ERRCR 

B-  PPGBAEI LITY  CF  CCLETFUL  SPCT 


A=RAN ( i I 
T  =  R 
SNS=X 

IFIZ.GT.OIGC  TO  2 
I F ( AB5 ( X/Y) .OT . 1 . 73 1 ) GO  TO  3 
IFU.LT.ciGC  TO  I 
IFIA.LT. (B+l J ) SNS*-SNS 
C-C  TO  2 
3  T=C .02 

IF(A.LT.T1SNS=-SNS 
GC  TO  * 

1  SNS  =  0 .0 
l  CBT SNS  =  SNS 
RETURN 
END 


FUNCTION  ERRDF(XtY) 


THIS  FUNCTION  DETERMINES 
DEFLECTION  MISS  DISTANCE 
SUBJECT  TC  A  5  MIL  ERROR 
U(-5KILS,*SMILS) 


OBSERVER'S  ESTIMATE  CF  ACTLAL 
OF  IMPACT.  THE  ESTIMATE  IS 
UNIFORMLY  DISTR IBLTED 


X-  CBSERV, ER  TARGET  RANGE  IN  METERS 
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V-  ACTUAL  Di-FLECTICN  MISS  DISTANCE  IN'  METERS 

Z=C.COS*X 
EHRCR^Z* (HAM  1)1 
1F(RAN( II .GT..2IGQ  TO  1 
EFRCR*-ERKLk 

1  ERUF*Y+GRKCR 

IF  (AbS  (EhCFI.LT.S.CIGO  TO  2 

ERPDF=ERCF 

GC  TO  3 

2  L:FRCF  =  0.0 
2  RETURN 

END 


FUNCTION  LNSNS ( X , 2 , k ) 

TUS  FUNCTION  DETERMINES  OBSERVER  LEFT, RIGHT,  AND  LINE 
ELRST  SFCTS 

X-  OBSERVER  DEFLECTION  MISS  DISTANCE 

2-  INDICATES  IF  CBSERVEP  SPCT  ERRCP  IS  TC  EE  APPLIEC 

k-  PROBABILITY  OF  OBSERVER  LEFT-RIGHT  SPCT  ERROR 

IF(ABSm..LT.5.0JGC  TC  l 
SNS*X 

I F ( 2.GT . 0  I GC  TO  2 
IF (RANI II..LT .kj $NS=-SNS 
GC  TO  2 

1  SNS-0. 0 

2  LNSNS=SNS 
RETURN 
ENC 


FUNCTION  RNGSNS ( X , Y , Z ) 


THIS  FUNCTION  CONVERTS  OBSERVER  BURST  SPOTS  INTO  FIRE 
CIRECTICN  CENTER  RANGE  SPOTS 

>-  THE  OBSERVER  REPORTED  ANGIE  T 

Y-  OBSERVER  RANGE  SPOT 

2-  OBSERVER  DEFLECTION  SPOT 

k-  FIRE  CIRECTICN  CENTER  RANGE  SPCT 
kl«  Q.C  IMPLIES  DCLBTFUL 
k«  1.0  IMPLIES  OVER 
k=-l.O  IMPLIES  ShCRT 


1C 

11 


F 

F 

F 

F 

F 

F 

IF 

IF 

IF 

k 

GC 

k 

GC 

k= 

GC 

IF 

IF 

IF 


X-99  . 
Y.EQ. 
Y.Ek. 
Y.GT  . 
Y.GT. 
(Y.GT  . 

Y.LT. 
(Y.LT  . 
(Y.LT  . 
C 

TO  SS 
1.0 
TO  99 
- 1 .0 
TO  99 
(X-799 
(Y.EL. 
(Y.EC. 


011,1 

C .  AND 
0  .AND 
0  .AN D 
C.  AND 
O.AND 
O.ANC 
O.AND 
O.ANC 


,  10 

•Z.GT.C1GC 
•  Z • L  T . C ) GO 
•Z.EC.OIGC 
.Z.GT . C ) GC 
.Z.LT  .  Q- 1  GO 
.Z.EC  .C1GC 
.Z.GT.CIGC 
•Z.LT .01 GC 


TO  2 
TO  2 
TO  2 
TO  2 
TO  2 
TC  4 
TO  * 
TO 


.0)  II 

0  .AND 
O.ANl 


»1I»2C 
.Z.GT  .CIGO 
•Z.LT .01 GC 


TO  12 
TO  U 
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IF (Y.GT .C.ANU.Z.EC.CJGG  TO  12 
IF  C Y -GT .C.AN0.Z.G1  .CJGC  TO  12 
IFIY.GT  .C.AisL.Z.LT  .CJLL  TO  *2 
IFIY.LT  .C,Ai»L  .^.EG.CIGC  TO  13 
If (Y.L1  .O.ANL.Z.GT  .0 JGu  TO  13 
I F  C Y.L1 .C. AND. Z.LT. CJGC  TO  13 
12  W=  1 .0 
GC  TO  99 
12  k=-1.0 
GC  TG  99 

2C  1FIX-1399.CJ21 ,21  ,3C 

21  1  F  (  Y  •  t  0  •  C  »Ai\ 0  •  L  <  G  t  •  C )  GG  TO  23 
If  (Y.Ew.C.AkD.Z.LT  .CJGC  TO  24 
IKY.GT  .C.AKO.  2.  EC  .GJGC  TO  23 
If (Y.GT .C.AwO.Z.GT.CJGC  TO  22 
IKY.GT  .u.ANO.Z.LT  .0  )  GC  TO  22 
IFIY.LT.C.AKL.Z.EC.OGC  TO  24 
If (Y.LT.Q.ANO.Z.GT.CJGO  TO  22 
IFiY.LT .0. AN 0. Z.LT  .OJGC  TO  24 

22  h  =  C 

GC  TC  99 
22  h-1.0 
GC  TO  99 
24  U*-1.0 
GC  TG  99 

3C  If  (X-16CC..C)  21,31, 4C 

31  FIY.EC.O.ANO.Z.GT.CJGC  TO  22 
If  (Y. EC. C. AND. Z.LT. OJGC  TO  33 

f  (Y.GT.C.ANG.Z.EC  .  C  J  GC  TO  22 
IFIY.GT .G.ANC.Z.GT  .OJGu  TO  32 
If (Y.GT. C.AKO. Z.LT. CJGC  TO  33 
IFIY.LT.O.AND.Z.EQ.CJGC  TO  22 
IFIY.LT  .O.ANO.z.GT .GJGC  TO  32 
IFIY.LT.  0..  AKO  .  Z .  LT  .  C  J  GC  TO  23 

32  W«l.O 

GC  TO  99 

■3  0  U=_  1  ' 

GC  TG  9 S 

4C  IF!  X- 1799 .041  »41  ,  5  C 
41  IFIY.Ew.C.ANG.Z.GT.CJGC  TO  43 
f (Y. EC. O.ANu. Z.LT. OJGC  TO  44 
If (Y.GT .C.AKC.Z.EC.CJGC  TO  44 
FIY.GT .G.ANC.Z.GT  .CJGC  TO  42 
If (Y.GT .0. AND. Z.LT  .OIGC  TO  44 
IFIY.LT. C.Ar.D.Z. EC. CJGC  TO  43 
IFIY.LT .0. AND. Z.GT  .GJGC  TO  43 
IFIY.LT. C.AKL.Z.LT .OIGC  TO  44 
SC  IFIX-2359.C)  51,  51. 4C 
51  f  (Y.fcC.O.AKO.Z.GT  .CJGC  TO  43 
IFIY.EC.C.ANL.Z.LT.OJGC  TO  44 
FIY.GT .C.AKG.Z.EQ  .CJGG  TO  44 
1FIY.GT  .G.ANC.Z.GT  .OJGG  TO  42 
FIY.GT  .  C.  mi\0  .  Z  .  LT  .  G )  Gu  TO  44 
F  <Y. LT.O. AND. Z.EQ. CJGC  TO  43 
FIY.LT. G.ANC.Z.GT  .OJGG  TO  43 
IFIY.LT.C. AND. Z.LT. CJGC  TQ  42 

60  IF(X-3099.C)6l»6l, 7C 

61  If  Y.EC.C.ANC.Z.GT  .CJGC  TO  43 
IF  Y.EW.C.ANO. Z.LT  .CJGG  TO  44 
If (Y.GT .O.AKL.Z.EG  .OJGG  TO  44 
IF  Y.GT . C.AMD.Z.GT .OJGC  TO  44 
IF  Y.GT  .G.ANG.  Z.LT  .OJGC  TO  44 
IFIY.LT .O.ANC.Z. EC. OJGC  TO  43 
IFIY.LT.C. AND. Z.GT. CJGC  TO  43 
IF  Y.LT .0 .AMO. Z.LT. GJGC  TO  43 

7C  IF  X-32C0.C) 71 ,71,71 
71  IFIY.EC.C.AMO.Z.GT.CJGO  TO  42 
IF  Y. EC .0 .AKO. Z.LT  .0  GO  TO  42 
IFIY.G7 .C.ANC.Z.EC.CJGC  TO  44 
IFIY.GT  .C.AMD.Z.GT  .0  GO  TO  44 
IF  Y.GT  .0. AND. Z.LT  .0  GC  TO  44 
If (Y.LT.C.ANU.Z.EC.C  GC  TO  43 
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42 


42 

44 

99 


1 


2 

3 


12 

12 


14 

20 

21 


22 

22 

24 

4C 


IFIY.LT .0. AND. Z.GT  .CJGQ  TO  43 

IF IY.L1 .0. AND. Z.LT .01GC  TO  43 

R  =  C.Q 

CC  TO  99 

R=1.0 

GC  TO  99 

R  =  -1.0 

RETLRN 

END 


FLNCTICN  CEF  SNS I X , Y  ,  Z I 


TF IS  FUNCTION  CONVERTS  OBSERVER  BURST  SPOTS  INTO  FIRE 
OIRfcCTICN  CENTER  DEFLECTION  SPOTS 

X-  THE  REPORTED  ANGLE  T 

Y-  OBSERVER  RANGE  SPOT 

2-  OBSERVER  DEFLECTION  SPOT 

h-  FIRE  DIRECTION  CENTER  DEFLECT  ICN  SPOT 
fc*  C.C  IMPLIES  CCLBTFUL 
h=  1.0  IMPLIES  RIGHT 
h=-1.0  IMPLIES  LEFT 


F  ( X- 
F  ( Y . 
F<  Y. 
F  (Y . 
F(Y. 
F(Y. 
F  ( Y  . 
F(Y. 
F  ( Y . 
k  =  1.0 
GC  TO 
h=-l. 
GC  TO 
IF!  X- 
I  F  ( Y  • 
I  F  ( Y. 
IF(Y. 
I  F  ( Y  • 
I  F  ( Y. 
I  F  ( Y  • 
I  f  ( Y . 
I  F  ( Y. 
N  =  0 
GC  TO 
k=l.C 
GC  TO 
k*-l. 
GC  TO 
I F  IX— 
I  F  ( Y  . 
I F  (  Y  • 
I F  (Y . 
I  F  ( Y . 
IFIY. 
IFIY. 
IFIY. 
IFIY. 
K  =  G 
GC  TO 
W-l.G 
GC  TG 
R=-  1 . 
GC  TC 
I F  IX- 


99 .G 1 1 ♦  It 

E  0  . 0  ..  A  N  D  • 
EC.  .0. AND. 
G1  .0  •  AND. 
G  T  .  0  .  h  N  D  » 
GT  .G.AND. 
LT .0  .AND. 
LT.C.ANL. 
L  T  •  0 ..  AN  D  • 


10 

Z.GT 
Z.LT 
Z.tG 
Z.CT 
Z.LT 
Z.  EC 
Z.GT 
2  .LT 


.0 1GC  TO 

•  CIGC  TO 

•  0 1  GO  TO 
.0  ICC  TO 
.  C  I  GO  TCJ 
.OiCO  TO 
.0  IGC  TO 
•0 ) GO  TO 


99 

I 

99 

499.0)11 
E  C  •  0  •  A  N  D 
EC. 0. AND 
GT . C  » AN U 
GT  .0  .*NC 
GT . C. AND 
L  T . C . AN  D 
LT  .0  •  AND 
LT.C.AND 

99 


» 1 1 1 2C 

.Z.GT .0  IGC  TO 
.Z.LT .CIGC  TO 
.Z.Eu.CIGO  TO 
.Z.GT .CIGC  TO 
.Z.LT.UJGC  TO 
.Z.EQ.CIGC  TO 
•  Z.GT .0  IGC  TO 
.Z.LT. CIGC  TO 


13 

14 
14 
12 
14 
13 
13 
12 


99 

0 

99 

1399 
EC.O 
EC.C 
GT  .0 
GT.C 
GT  .C 
LT  .0 
LT.C 
LT  .0 

99 

99 

'99 


*0)21,21. 
.AND. Z.GT 
.AND. Z.LT 
.»  A N C » Z  .  EC 
•ANC.Z.GT 
.AND. Z.LT 
•AND. Z • EC 
•AND. Z.GT 
.AND. Z.LT 


40 

.OIGG  TO 
.CIGC  TO 
•CIGC  TO 
.OIGG  TO 
.CIGC  TO 
.OIGG  TO 
.CIGC  TO 
■0 IGO  TO 


22 

22 

24 

22 

24 

23 

23 

22 


1  799..  01 41 ,41,50 
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41 


5C 

51 


6C 

61 


7C 

71 


42 

4 3 

44 
55 


1 

2 

3 

4 

5 


ifiy.eq.c 

IFIY.EC.O 
IFIY.GT.O 
IFIY.GT  .0 
If (Y.GT  .0 
If (Y.LT  .0 
If (Y.LT  .0 
IFIY.LT.O 
IFIX-2655 
IFIY.Et.O 
IFCY.EC.C 
I F ( Y • G  7  .C 
1 F (Y.GT  .0 
FIY.GT.C 
FIY.LT  .0 
FIY.LT  .0 
FIY.LT  .C 
FIX-3CS9 
FIY.EC.C 
FIY.EG.O 
FIY.GT  .C. 
FIY.GT.C 
FIY.GT  .0 
FIY.LT  ,C 
IFIY.LT.C 
IFIY.LT  .0 
If IX-32C0 
IFIY.EG.C 
IFIY.EC.O 
IFIY.GT.O 
IFIY.GT  .C 
IFIY.GT.O 
IFIY.LT.C 
IFIY.LT.O 
IFIY.LT.O 
K  =  C 

GC  TO  95 
fc*1.0 
GC  TO  55 

.0 

DEFSNS=h 

RETURN 

ENC 


•AND.Z.GT 
.AND.Z.LT 
.AND.Z.tC 
•AND.Z .GT 
-and.z.lt 
.AND.Z. LG 
.  AN  0  .  L  .  C  T 
•AND.Z.LT 

•  Cl  51, 51, 
•AND.Z.GT 
.AND.Z.LT 
. AND .Z . EU 

•  ANG.Z.C-T 
•AND.Z. LT 
•ANU.Z.EG 
•AND.Z.GT 

•  AND. Z. LT 

•  C  J  6  I  *  o  L  * 

•  AND. Z.GT 
.  AN D .  L  •  L  T 
..AND. Z.  EC 
.AND .Z.GT 
•AND.Z.LT 
•ANl.Z.EC 
.AND .Z.GT 
.AND.Z.LT 
-0) 71,71, 
.AND. Z.GT 
.ANC.Z.LT 
.AND.Z. EG 
•AND. Z.GT 
.AND.Z.LT 
•AND. Z. EC 
.AND. Z.GT 
.AND.Z.LT 


.CJGO 

.OGU 

•  0 )  GC 

•  C  JGC 
.OJGC 

•  C  J  GC 
.QJGO 

•  0  1  GO 

tc 

.CJGO 

.OJGC 

•  C  JGG 
.OJGC 
.OJGC 
.0  JGG 

•  OJGC 
.OJGC 

70 

.OJGC 
.C  JGG 
.OJGC 
.OJGC 
.  C  J  G  C 
.OJGC 
.OJGC 
.OJGC 

71 

.CJGO 
.0  J  GO 
.OJGC 
.0  JGG 
.OJGC 
.  C)  GC 
.CJGO 
.OJGC 


TO 

42 

TO 

42 

TU 

44 

TO 

44 

TO 

44 

TO 

43 

TO 

43 

TO 

43 

TO 

42 

TO 

42 

TO 

44 

TO 

44 

TO 

42 

TO 

43 

TO 

42 

TO 

43 

TO 

44 

TO 

43 

TO 

44 

TO 

44 

TO 

42 

TO 

43 

TO 

42 

TO 

43 

TO 

44 

TO 

43 

TO 

44 

TO 

44 

TO 

43 

TO 

43 

TO 

44 

TO 

43 

FUNCT ION  ISHFTSIXJ 

THIS  FUNCTION  DETERMINES  THE  OBSERVER'S 
SHIFT  IN  ADJUSTMENT  PHASE 


INITIAL  RANGE 


X-  OBSERVER  ESTIMATE  CF  RANGE  MISS  DISTANCE  CF  FIRST 
ROUNC 

IFIX-IOC.  01,1,2 
ISF00T=2CC 
GC  TO  5 

I  FI X-2CC.C  J 3,3  ,4 
1SFC0T=4Q0 
GC  TO  5 

IFIX.GT  .  2.C  C .  0 )  I  SHGCT*8CC 

ISFFTS= ISHOCT 

RETURN 

END 


FUNCTICN  £RRFCN I X , Y  J 

THIS  FUNCTION  DETERMINES  OBSERVER'S  ESTIMATE  CF  ACTUAL 
RANGE  MISS  DISTANCE  OF  IMPACT. TFE  ESTIMATE  IS  SUBJECT 
TC  AN  ERROR  UNIFORMLY  DISTRIBUTED  Ul-ACTUAL  MISS  DIS¬ 
TANCE  ,+  ACTUAL  MISS  CISTANCEJ 
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Y-  ACTUAL  IMPACT  MISS  0IS1ANCE 

X-  CBSEPV£R  TARGET  RANGE  IN  METERS 

ERROR"  (X/2L>00«GJ*ABSIY)!MRAi\I(  U  ) 

IF  (RAN(l)  .GT..5  ICC  TC  I 
ERRGR=-PkkCn 

1  ERRG=Y+ERRCR 

1F4V.LT  .0  .ANO.ERKG  .GT  .O.CR.Y.GT  .C.AND.EkRG.LT.OGC  TC 

ERKFCN~EkRG 

GC  TO  3 

2  EPPFCN=0.0 
-  RETURN 

ENC 


SUBROUTINE  CEFCHK 


THIS  SUBROUTINE  DETERMINES  APPROPRIATE  DEFLECTION 
CORRECTIONS  IN  FIRE  PCk  EFFECT  PEASE  ANO  IF  ThE  AC- 
JLSTEU  DEFLECTION  EAS  ts E E N  ACHIEVED. ALL  POSITIVE  FIRE 
DIRECTION  CENTER  DEFLECTION  SPOTS  ARE  COMPARED  WITF 
MCST  CURR.EM  SPOT  TC  DETEkMINE  APPROPRIATE  ACTION 

OIMENSICN  STCR  E  (  5  C  ) 

COMMON  T ABLE A I  50,3) ,KA,KF ,ADD ,RN .CEFLEC , I GC CD fCNE »TRC , 
1  FOUR, FIVE, EIGHT, SI XTEN, NODE F, IOPP 
IFINODcF.EC.UGG  TC  25 
IFIKA.EQ.KFIGO  TO  24 
25  ICFP=0 

A=TABLEA( KF ,3J 
E=TABLEA(KF, 2) 

I  L*KF 

CFECK  FOR  A  0  OR  I  MIL  BRACKET 

1  Il=IL-l 

1 F  4 IL .LC.O.AND. IOPP.EQ.QIGO  TO  IS 
IFdL.EC.OIGC  TO  2 
C=TABLLA< IL, 2) 

IFUi.EL.CIGC  TO  l 
ICFF=I 

C*TABLEA(IL,3I 
C  IFF=C“A 

IFIABS(DIFF) .LE.CNEJGC  TO  21 
GC  TO  l 

CHECK  FCR  A  TWO  MIL  BRACKET 

2  I l=KF 

3  1 1  =  1 l-l 

IF  (  I L • EG • 0 )G0  TO  4 
C=TApLEA( IL, 2) 

IFIB.EL.CIGC  TO  3 
D*TABLEA( IL, 3 ) 

C  I FF=D- A 

IF(ABS(DIFFJ  .LE.TROGC  TO  22 
GC  TO  3 

CFECK  FCR  A  FIVE  MIL  CR  LESS  BRACKET 

4  Il*KF 

5  11= IL- 1 

1FUL.EC.0IG0  TO  6 
C'TABLEA (11,2) 

IF(B.EU.C)Gu  TO  5 
C  =  TABLE  A ( IL, 3 ) 

D  IFF=D-A 

IF(AbS(DIFF1 .GT.FIVEIGC  TO  5 

ACCtTWO 

GC  TO  IS 
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TF.E  BRACKET  IS  GREATER  THAN  FIVE  RILS 


7 

£ 


1C 

11 


12 


12 


14 


IFIAUD.EC.TWGIGG 

I  l  =  KF 

I I  =C 

DC  7  I J  =  1 »  SO 
STCREI I JI=0.0 


TC  19 


CCN 

n. 

F  ( 


INUE 

Lt  1 

L.EC.O.ANC.II .GT.OIGO 
I F (  IL.EC.OGG  TO  19 
C=TA6LEA( IL, 21 
IFIB.fcO.ClGC  TO  8 
C=TA6LLAl I L  »  3  ) 

CIFF=D-A 


TO  9 


Hi 


“♦h.. 


STCRE I 
GC  TO  8 


ABSI DIFF) 


SELECT  THE 
DEFLECTION 


RIMMUF 
F  IRED 


BR/CKET  FCR  CCRFARISCN  WITH  LAST 


ZlsSTQRE(l) 

ThGACC=ACC*2.0 

IFUI.EC.l.AND.NOCEF.EQ.DGO  TO  17 
IFIII .EC.1IGO  TO  11 
DC  10  IK=2 » 1 1 
Z2*STGRE ( IK ) 

IFIZ2.LT.Z1)Z1*Z2 

CCNTINUE 

IF(Zi.GT.T’*CACL) ICFF=0 
IFIZI.GE.TKGAODIGO  TO  19 
IFIN0CEF.EC.1 I  GO  TC  17 
FIZ 


FIZ 
FIZ 
FIZ 
Z2  =  Z 


.EC.AliDJGG  TC  14 

.LT.ADD .ANO.AOD.EU.FOURJGC  TC  16 
.LT.ALG.  AND.ALL.tw.EIGH  )oC  TO  12 
.LT.AOO.AND.AlJD.EC.SlXrENUC  TC  13 
_ _-ACD 
SFLIT*ACC*0.5 
1F(Z3.GE.SPLIT)GC  TC  17 
GC  TO  16 
ACC*ADL*0.5 
IFIZl.LT .ADD) GO  TO  16 
GC  TO  17 
ACC*ADD*C.5 
IFIZl.LT .ADO I  GO  TO  12 
GC  TO  17 
/CC=ADO*C • 5 
IFIB.GT.C1G0  TO  15 


CEFLEC=CEFLEC+ADC 
GC  TC  24 

15  CEFLEC=CEFLEC— ADD 
GC  TO  24 

U  AC C=ADD*C.5 

17  CCRR=Zi*C .5 
CLPRY*G .0 
BC*C . 0 

CCRR=FDCCCR(RN,DUMMY,CORR»BD) 
IF  1 B.GT .0) GC  TO  18 
CEFLEC=CEFLEC+CORR 
GC  TO  24 

16  CEFL EC=CEFLEC-CORR 
GC  TO  24 

15  I F  I  B.GT  .0)00  TO  20 
CEFLEC=CEFLEC+ACC 
GC  TO  24 

2C  CEFLEC=CEflEC-ADD 
GC  TO  24 

21  1GC0D= 1 
GC  TO  24 

22  IFIB.GT.OGC  TC  23 
C  EFLEC=GEFLEC+QNE 
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I  GCCD= 1 
GC  TO  24 

22  C£FLEC=CEFLEC-QNE 
I  CCCD=  1 
24  RETURN 
ENC 


FLNCTIGN  F0RKF<X,Y,I) 

ThIS  FUNCTION  DETERMINES  THE  FIRE  FCR  EFFECT  FORK  TC 
THE  NEAREST  EVEN  MIL 

X-  GIN  TARGET  RANGE 

Y-  SUM  CF  ALL  RANGE  CORRECTIONS 

I-  THE  POWDER  CHARGE 

RANGE=X+Y 
I F ( I .EG  *6  I JGO  TO  6 
1FU.EG.59JGC  TC  7 
IFtl.E0.51JGU  TO  6 
IF  I.EG.7JGC  TO  4 
IF  I . EW .61 GC  TO  3 
IFd.EU.5JGO  TO  2 
IFiI.EG.4JGC  TO  1 
IFlRANbE.LT.3550.CJGC  TC  10 
IFiRANGE.LT. 4250. CJGG  TO  11 
FCRK=80.0 
GC  TO  5 

10  FCRK*=40  .0 
GC  TO  5 

11  FCRK=60.C 
GC  TG  5 

1  lFiRANGE.LT.5150.0JG0  TC  20 
FCRK=60 . C 

GC  TO  5 
2C  FC  RK=4C • C 
GC  TO  5 

2  FCRK=40  .0 
GC  TO  5 

2  IFiRANGE.LT. 7950.0 JGO  TO  30 
FCPK=80.0 
GC  TO  5 
20  FCPK=60 .0 
GC  TO  5 

4  FCRK=60.C 
GC  TO  5 

6  IFiRANGE.LT .5250 .0 ) GC  TC  60 
FCRK=60 • C 

GC  TO  5 
6C  FCRK=40.0 
GC  TO  5 

7  FCPK=20 .0 
GC  TO  5 

E  IFiRANGE.LT. 9750. CJGC  TC  81 
IFiRANGE.LT. 10250. CJGO  TO  82 
FCPK=14C.O 
GC  TO  5 

81  FCRK=  100 .0 
GC  TO  5 

82  FORK* 12C .0 

5  FCRKFsFCRK 
RETURN 
END 
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1C 

11 

12 

1 


2  C 

21 

2 

3C 

3 

40 

4 

5C 

£ 

£C 

? 

6 

ei 

82 


FLNCTICN  FCRKT(X,Y,I1 

7  F  IS  FUNCTION  DETERMINES  THE  COMPLTATIONAL  FCRK  VALLE 
TC  NEAREST  ML 

X-  GUNTARGET  RANGE 

Y-  SUM  CF  ALL  RANGE  CORRECTIONS 

I-  THE  PCWCER  CHARGE 


)  GC  TC  10 
)GU  TO  ll 
)GC  TC  12 


RANGE=X+Y 
IF(I.EC.6liG0  TO  e 
If  (I.EC.591GC  TC  7 
IF1I.EQ.51 1G0  TO  6 
1F11.EC.71GC  TO  4 
IF1I.EQ.61GC  TO  3 
1F1I.EQ.51G0  TO  2 
IFd.EC.41GC  TC  1 
IF1RANGE.L.T.3550.C 
IFIRANGE.LT.  3950.0 
1F1RANGE.LT. 4230.0 
FCRK=70.C 
GC  TO  5 
FCBK*4C.C 
GC  TO  5 
FCPK=50  .0 
GC  TO  5 
FCRK*6C.C 
GC  TO  3 

iFlRANuE.LT. 4550. C1GC  TC  20 

IFIRANGE.LT. 5150. C1G0  TO  21 

FCRK=50 .0 

GC  TO  5 

FCPKs3C.C 

GC  TO  3 

FCRK=40 . C 

GC  TO  5 

1F1RANGE.LT.6150.01GO  TC  30 
FCRK=4G . 0 
GC  TO  5 
FCRK=3Q .0 
GC  TO  5 

IFIRANGE.LT. 7950. C 1  GO  TO  40 
FCPK*7Q .0 
GC  TO  5 
FCRK*60  .0 
GC  TO  5 

IF1 RANGE.LT. 9550. C1GC  TC  50 
FCRK=60 .0 
GC  TO  5 
FCRK*  5C . 0 
GC  TC  5 

IFIRANGE.LT. 5250. OIGO  TC  60 
FCRK=  50 . C 
GC  TO  5 
FGPK=4C • C 
GC  TO  5 
FCRK=10 .0 
GC  TO  5 

IFIRANGE.LT. 9750. C 
IF (RANGE .LT. 10050. 
IFIRANGE.LT. 10250. 

FCRK* 130.0 
GC  TO  5 
FORK* IOC . C 
GC  TO  5 
FCRK*11C.0 
GC  TO  5 


1  GO  TC  81 
0 1 GC  TO  82 
0) GC  TO  83 
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8i  FCPK=1Z0.0 
5  FCRKT=FCRK 
RETURN 
ENC 


FUNCTION  RANI J) 

THIS  FUNCTION  GENERATES  UN1F0RM(C,1)  ANC  NCRMAL(0,1) 
RANCCM  NUMBERS 

FCR  J  LT  C  SET  INITIAL  VALUE!  OF  GENERATOR 
FOR  J  ECUAL  0  GENERATE  NORMAL  (C,l)  NUMBER 
FCR  J  GT  0  GENERATE  UNIFORM  (0,1)  NUMBER 

IFIJ.GE.OiGC  TO  10 
I >=1-2* J 

GCCT0  150 
1C  lX?lX*fc553S 

IF(IX.LT.C) IX=IX  +  214  7  482647-M 
X  =  FL0AT  I  IX  )i>,.46b6613E-9 
IFIJ.NE.CJGO  TO  15C 
CC  100  M.ll 
IX  =  IX*6i>53S 

IF! IX.LT.C)IX=IX+2147 A £2647+1 
IOC  X=X+FLOAT( IX)*.4656613E-9 
X=X-6.0 
15C  RAN*X 
RETURN 
ENC 


FUNCTION  ROT GND ( X , V , Z , W  ) 

TFIS  FUNCTILN  TRANSFORMS  BUhST  LEV IATION  FROM  THE  CE- 
S  ERVER-T  ARGtT  TO  THE  GUN  TARGET  UC0R01NATE  SYSTEM 

X-  OBSERVER  CCORDI NATE  OF  BURST  CEVIATICN  MISS  DIS¬ 
TANCE 

Y-  OBSERVER  CCORCINATE  OF  BURST  RANGE  MISS  CISTANCE 
Z-  SIN  OF  ANGLE  T 
W-  COS  CF  ANGLE  T 

RCTGNO=>*K-Y*Z 

RETURN 

ENC 


FUNCTION  RCTGNR (X , Y ,Z , R  ) 

TFIS  FUNCTION  TRANSFORMS  BUF  ST  RANGE  FROM  THE  OBSERVER 
TARGET  TO  THE  GUN  TARGET  COORDINATE  SYSTEM 

X-  OBSERVER  COORDINATE  OF  BURST  CEVIATION  MISS  DIS¬ 
TANCE 

Y-  OBSERVER  COORDINATE  OF  BURST  RANGE  MISS  OISTANCE 
Z-  SIN  CF  ANGLE  T 
h-  COS  CF  ANGLfc  T 

RCTGNR=X*Z+Y*W 

RETURN 

ENC 
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FUNCTION  R0TF0D(X,Y.Z,W) 


THIS  FUNCTION  TRANSFORMS  BURST  DEVIATION  FPCM  THE  GIN 
TAkGET  10  THE  UbSERVLF  TARGLT  CCCRCINATt  SYSTEM 

X-  GUN  CCGRDINATE  CF  BURST  DEVIATION  MISS  C1STANCE 
Y-  GUN  COORDINATE  LF  BURST  FANGE  MSS  DISTANCE 
Z-  SIN  CF  ANGLE  T 
k-  COS  CF  ANGLE  T 

PCTFOD=X*W+Y*Z 

RETURN 

END 


FUNCTIGN  RCTFORIX, Y,Z,k) 

TFIS  FUNCTION  TRANSFORMS  BUFST  RANGE  FROM  TFE  GUN- 
TARGET  TO  THE  OBSERVER  TARGET  COORDINATE  SYSTEM 

X-  GUN  CCCRDI NATE  CF  BURST  DEVIATION  MISS  CISTANCE 
Y-  GUN  CCGRDINATE  OF  BURST  RANGE  MISS  DISTANCE 
Z-*  SIN  CF  ANGLE  T 
k-  COS  CF  ANGLE  T 

RCTFOR=Y*k-X*Z 

RETURN 

ENC 


C 

C 


1 

2 


FUNCTION  FDCRCR ( X  »C  » G  » R ) 

THIS  FUNCTION  COMPUTES  PANG  l  CORRECTION  IN  METERS 
SUBJECT  TO  1  MIL  OR  0.1  MIL  QUACRANT  ELEVATION  SETTING 
LIMITATION 

X-  RANGE  SHIFT  REQUESTED 
C-  TFE  C-FACTQR 

G-  GUN  CREW  ERROR  STANDARD  DEVIATION  IN  AFFLYING  RE¬ 
QUESTED  ELEVATION  SETTING 

R-  INDEX  TC  DETERMINE  IF  CORRECTIONS  CORRESPOND  TO  1 
Ok  0.1  MILS 

Z=C*X/lC0.0 

IFIR.GT  .C* Cl ZZ=ROCFF ( Z) 

IFIR.GT  .O.GIGO  TO  3 
N= IFIXC  Z ) 

I F ( Z • LT  .0*  C ) GC  TC  1 
IF(ABS(2-M.GE..5)N  =  N+I 
GC  TO  2 

IF(ABS(Z-M.GE..5JN=N-l 

ZZ=FLOAT(N) 

E«ZZ+RAN(C)*G 
FCCkCR=  E* ICG • 0/C 
RETURN 
END 
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FUNCTION  FDCDCRI  XfY»V.  »G> 

THIS  FUNCTION  CONFUTES  CEf  L  E  CT  I  Cf\  ShIFT  IN  NET  ERS  SUE- 
JECT  TO  1  MIL  DEFLLC  T IGN  SETTING  UNIT  A  TICK 

X*»  REPORT  EC  GUN  TARGET  RANGE 
Y-  RANCE  MISS  DISTANCE  CF  bLRST 
R-  THE  DEVIATION  CORRECTION  IN  METERS 
G-  GUN  CROW  ERROR  STANCARD  CE VI  AT  1 CN  IN  APPLYING 
DEFLECTION  SETTING 

TCTRG=X+Y 
Z=MICCC  .C/TOTRG 
N*1FIX12I 

I  F  (  Z  .  L  T  .C.OGO  TC  1 
IF! ABS U-N) .GE.. 5 JN=N*1 
GC  TO  2 

1  IFIAttSI Z-NI.GE. .5)N=N-1 

2  E  =  FLCAT(M+RAN(OJ  * G 
FDCDCf<  =  t*  ICTRG/IQCC.O 
RETURN 

ENC 


FUNCTION  RDGFF (Y J 

TF IS  ROUTINE  ROUNDS  OFF  INPUT  TO  NEAREST  1C  METERS 

Y-  THE  INPUT  VAUUE  TC  BE  RCUNDEC 

N= I F IX ( Y 1 / 10 

I  F ( Y • U T • 0 • C J  GO  TC  5 

IF< IABS(1F1X(Y J-10*M .GE.5.C)  N=N+l 

GC  TO  7 

5  I F ( lAbSIIFIXI Y)-IG*N) .GE.5.C)  N*N-l 
7  RCCFF* lO^FUOAT (NJ 
RETURN 
END 


FUNCTICN  CFCTRIXiYfll 

THIS  FUNCTION  COMPUTES  THE  APPROPRIATE  C-FACTCR 

X-  GUN  TARGET  RANGE 
Y-  TOTAU  RANGE  SHIFTS 
2-  THE  ChARGE  FIREC 


1 

2 

a 

A 


RANGE*X*Y 
1F( 


.EC. 61  ) G C  TO  8 
J G C  TO  7 
)GO  TO  6 
•  EC .7 ) GG  TC  4 
I F (  I.EQ.6JG0  TO  3 
GC  TO  2 
GC  TO  1 
C2+22.0 


XFlI.Ew.5S, 
IF  1 1 .EC .51 
I  F  ( 


IF( l.Eti.S) 
1FI1.EC.41 
C  =  RANG£*G.. 
GC  TO  5 
C=RANGfc*C. 
GC  TO  5 
C=PANGfc*0. 
GC  TO  5 
C=RANGE*C • 
GC  TO  5 
C=RANGE*C . 
GC  TC  5 


C12+19.0 
007*22  .0 
008^3 .0 
C05+4.C 
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6  C=RANGt*0.G06+2d.G 
GC  TO  5 

7  C  =  RANGL*O..G04  +  37.C 
GC  TO  b 

£  C=C.02*kANGE-115.C 
5  CFCTk=C 
HE  TORN 
END 
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APPENDIX  G  X-BAR  PRECiSIGN  P i RE  SIMULATION  PROGRAM  LISTING 

THE  PURPOSE  OF  THIS  APPENDIX  IS  TC  PROVIDE  THE  COMPUTER 
PROGRAM  LISTING  OF  THE  X-BAR  PRECISION  FIRE  SYSTEM'S  SIMUL¬ 
ATION  AS  PRESENTED  IN  SECTION  V.THE  ALPHABETICAL  LISTING  AND 
CESCRIPTICN  OF  VARIABLE  NAMES  USED  WITHIN  ThE  PROGRAM  ARE  AS 
FOLLOWS : 

A-  TARGET  SEMI-MAJOR  AXIS  LENGTH 

ACJCI-  REGISTRATION  RANGE  ERROR 

ACF-  CONTROL  VARIABLE  FOR  ROUND  OFF  RULES  IN  COM¬ 

PUTING  MISS  DISTANCES 
-2.0  NC  POUNCING  OFF 

2»0  ROUNDING  TO  NEAREST  WHOLE  INTEGER 
AFMIS-  SUM  OF  ABSOLUTE  REGISTRATION  DEVIATION  ERRORS 
ANOFO-  THE  TRUE  ANGLE  T 

ANC-LT-  THE  OfaSERVEK  REPORTED  ANGLE  T  IN  MILS 
AVDFEK-  AVERAGE  REGISTRATION  DEVIATION  ERRCR 
AVJRDS-  AVERAGE  NUMBER  OF  ROUNDS  FIRED  FOR  A  REGISTRA¬ 
TION 

AVM1SS-  AVERAGE  RANGE  ERROR  OF  A  REGISTRATION 

AVRGER-  AVERAGE  RANGE  ERROR 

B-  TARGET  SEMI-MINOR  AXIS  cENC-TH  IN  METERS 

BC-  GUN  CREW  ERROR  STANCARD  DEVIATION'  IN  SETTING 

DEFLECT  I CN  IN  i  MIL  INCREMENTS 
BR-  GUN  CREW  ERROR  STANCARD  CEVIATION  IN  SETTING 

ELEVATION  IN  C.l  MIL  INCREMENTS 
C-  THE  COMPUTED  C-FACTCR 

CHECK-  DEVIATION  ERRCR  OF  REGISTRATION  IN  METERS 
UCRR-  FIRE  DIRECTION  CENTER  CCMPUTED  RANGE  CORRECT¬ 
ION 

CT-  COSINE  OF  ANGLE  T 

CT1-  COSINE  OF  TARGET  ORIENTATION  ANGLE 

CTFC-  CCS INE  OF  TRUE  ANGLE  T 

DEFAPL-  TOTAL  DEFLECTION  CORRECTIONS  APPLIEC  IN  METERS 
CEFLEC-  CEFLECT ICN  DIFFERENCE  BETWEEN  AIM  POINT  ANC 
TRUE  TARGET  CENTER  IN  METERS 
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L'  fr  r  TRY-  DEFLECT  ION  CORRECTION  TRIAL  COUNTfcR 


OF-  GUN  TARGET  BURST  DEFLECT  1CN  MISS  CISTANCE  IN 

METERS 

CFMISS-  SUM  OF  REGISTRATION  DEVIATION  ERRCFS 
OF  SC-  SUM  OF  SCUARES  CF  REGISTRATION  DEVIATION  ERR¬ 

ORS 

DM,-  MEAN  ABSOLUTE  REGISTRATION  DEVIATION  ERROR 

DT  SC-  SQUARE  OF  RACIAL  MISS  DISTANCE 

ERPCTV-  LASED  bASE  RANGE  ERROR 

FCCDF-  FIRE  C1RECT1CN  CENTER  DEFLECTION  MSS  DISTANCE 

FDCRG-  FIRE  DIRECTION  CENTER  RANGE  MISS  DISTANCE 

F CANER-  THE  STANDARD  DEVIATION  CF  ANGLE  T  ERROR  IN 
MLS 

FCDF-  CURST  OEVIATICN  MISS  DISTANCE  IN  METERS  IN  THE 
OBSERVER  TARGET  COORDINATE  SYSTEM 
FCCFS-  OBSERVER  ESTIMATE  OF  DEVIATION  MISS  DISTANCE 
FCRG-  CURST  RANGE  MISS  DISTANCE  IN  METERS  IN  THE  OB¬ 
SERVER  TARGET  COORDINATE  SYSTEM 
FCFGS-  CESLRVER  ESTIMATE  OF  RANGE  MISS  DISTANCE 
ICPG--  POWDER  CHARGE  PARAMETER 
I  DC-  CONTROL  VARIABLE  FOR  SPECIFYING  ANCLE  T 

JRCS—  NUMBER  CF  ROUNDS  FIRED  IN  A  MISSION 

JSC-  SQUARE  OF  NUMBER  OF  RCUNCS  FIRED  IN  A  MISSION 

KTGT-  TARGET  HIT  CONTROL  VARIABLE 
L1GTS-  CUMULATIVE  TOTAL  NUMBER  CF  TARGETS  STRUCK 
MISCIS-  RACIAL  ERROR  CF  A  REGISTRATION  IN  METERS 
M.ISTOT-  SUM  TOTAL  OF  ALL  RADIAL  ERRORS 
MTGT-  CBSIGNATCR  FOR  TYPE  CF  MISSION  TC  EVALUATE 
0  IMPLIES  REGISTRATION 

1  IMPLIES  DESTRUCTION 

N-  RCUNCS  FIRED  COUNTER 

Nil-  MISSIONS  FIREO  COUNTER 

NITER-  POSITEVELY  SPOTTED  PCUNC 
NCTPGT-  NUMBER  OF  TARGETS  STRUCK 

NRFRD-  NUMBER  CF  RCUNCS  FIRED 


209 


NRCUND- 

MGT*r 

CTERR- 

CTRO- 

PEC- 

PEF- 

P- 


RANGE- 

RG- 

RC1- 

RGFISS- 

RGSFFT- 

FGSC- 

RF- 

PN- 

SCCF- 

SCJR- 

SOFU- 

SCRG- 

STAPT- 

ST- 

ST1- 

STFC- 

SYSERD- 

TETAFO- 


TOTAL  NUMBER  CF  ROUNDS  TC  FIRE  FCF  EACH  REGIS¬ 
TRATION 

TARGET  HIT  COUNTER 

THE  BASE  RANGE  ERRCR 

THE  OBSERVER  TARGET  RANGE  IN  METERS 

PROBABLE  ERROR  IN  DEFLECTION 

PROBABLE  ERRCR  IN  RANGE 

SPECIFIES  FGW  ELEVATION  IS  TO  BE  APPLIED 

— .1  •  C  IMPLIES  TC  NEAREST  .1  FILS 

1.0  IFPLIES  TC  NEAREST  I  MIL 

RANGE  DIFFERENCE  BETWEEN  AIM POINT  AND  TRUE 

TARGET  CENTER  IN  METERS 

GUN  TARGET  RANGE  MISS  DISTANCE  OF  EURST 

BURST  RANGE  MISS  DISTANCE  IN  TARGET  CCCRDINATE 

SYSTEM 

SUM  OF  REGISTRATION  RANGE  ERRORS 
TOTAL  OF  APPLIED  RANGE  CORRECTIONS 
SUF  CF  TFE  SCUARES  CF  REGISTRATION  RANGE  ERR¬ 
ORS 

M.EAN  AbSCLLTL  RANGE  ERRCR  CF  A  REGISTRATION 
TABULAR  FIRING  TABLE  GUN  TARGET  RANGE 
STANDARD  DEVIATION  CF  AVERAGE  REGISTRATION 
DEVIATION  ERRORS 

SJANCARQ  DEVIATION  CF  RCLNCS  FIREC  FCR  A  REG¬ 
ISTRATION 

STANDARD  DEVIATION  CF  DEVIATION  EFRCRS  OF  A 
REGISTRATION 

STANDARD  DEVIATION  OF  AVERAGE  RANGE  ERRCRS  CF 
A  REGISTRATION 

RANDOM  NUMBER  GENERATOR  INITIALIZER 
SIN  CF  ANGLE  T 

SIN  CF  TARGET  CPIENTING  ANGLE 
SIN  OF  TRUE  ANGLE  T 

OBSERVER  BLRST  AZIMUTH  LASING  ERRCR  IN  MILS 
TRUE  ANGLE  T  IN  RACIANS 
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TCTANG- 

TELTA- 

TEETA1- 
2  I  L- 
2N"» 


TARGET  SGM-MAJGR  AXIS  ANGULAR  ORIENTATION  IN 
MLS 

ANGLE  T  IN  RADIANS 

TARGET  GRIENT1NG  ANGLE  IN  RADIANS 
A  MSS  1 CN  COUNTER 

MULTIPLIER  ENACTION  ECR  CCMPUTATICN  CE  RANGE 
AND  CEFLECTICN  CORRECTICNS 
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PROGRAM  LISTING  OF  X-BAR  PRECISION  FIRE  SIMULATION 
USER  INFORMATION. 

THE  PROGRAM  AS  ..KITTEN  WILL  INVESTIGATE  CM .V  ThE 
FCLLUWlNi,  AM Mu NIT  IGN  PAkAMETER  INPUTS  EXTRACTED  FRCP 
FIRING  TABLES  TFT  155-AP-2 


CP ARGO 

RANGE (RN) 

ICHG 

PER 

PED 

5GB 

2000 

59 

7 

1 

5RB 

550C 

51 

2  C 

3 

5GB 

6000 

5 

12 

3 

6 

10000 

61 

24 

5 

FCR  CTHER  PARAMETER  VALLES  THE  USER  MUST  FAKE  APPRO¬ 
PRIATE  CHANGES  TO  FORKF,  FORKT,  AND  CFCTR  ROUTINES 

TFC  USER  MUST  SPECIFY  ThE  FOLLOWING  INPUT  PARAMETERS: 

A-  THE  TARGET  SEF'i MAJOR  AXIS  IN  METEPS 

E-  THE  TARGET  Sf:F‘  I  MI  NIG  R  AXIS  IN  METEPS 

TGTANG-  Tht  TARGET  LRIENTING  ANCLE  IN  MILS 
MTGT-  SCI  MTG1=C  IP  RtoiSTRAl ICN  DESIREC 
SET  M.TG1 - 1  IF  GLSTkCCTICN  DhSIREL 
ACF-  SET  A  0  P  =  1  TC  SIMULATE  FIRE  DIRECT  ICN  CENTER 
RANGL  CORREC11LNS  1C  NEAREST  10  FLIERS 
AFCLT-  SPECIFY  1FE  ANCLE  T  TG  ut  INVESTIGATED  IN  MILS 
FCANER-  SPECIFY  THE  SlANUARD  UEVIA1IGN  CF  CESERVER 
ANGLE  T  ERROR  IN  MILS 
CTRG-  THE  OBSERVER  TARGET  RANGE 
I  CFG-  THE  PGk.DER  TYPE  AND  CHARGE 
RN-  THE  RANGE  IN  MEIERS  TO  GG  WITH  ICFC- 

FER-  AFFRCJPK  i  A  T  E  PECCABLE  EKRLR  IN  NANCE  CORRES¬ 

PONDING  TCI  I CHG 

PEC-  AF FrUP'U I  AT  E  PRUEaELE  ERRLR  IN  DEFLECTION  CORR¬ 
ESPONDING  1C  I  CFG 

ER-  GUN  CREW  ERkOE  SIANCARD  LEVIATION  IN  APPLYING 

ELEVATION  SETTINGS  IN  0.1  MIL  INCREMENTS*  iOR 
EXAMPLE, A  I  MIL  slANuARL  LLVIATILN  RLULU  EE 
ER=  10. 0 

BC-  GUN  CREW  ERROR  ST  AN CARD  LEVIATION  IN  APPLYING 

DEFLECT  ION  SETT iNGS  IN  MILS. FOR  EXAMPLE, A  1.5 
MIL  STANDARD  LEVIATION  WLULD  toE  6L=1.5 
SYSERR-  THE  OBSERVER  RANGE  LASING  ErRCK  IF  METERS 
SYSERO-  THE  CBSERVER  Di.FLLClION  LASING  ERROR  IN  MILS 
ERRCTV-  THE  BAgE  RANGE  EKkGR  IN  METERS 

REAL  MREliMRSQ* MRE ,M  I  SO  I S, OTRG, MISTOT 

C  IF' ENSIGN  AC  JD  I  ( 10  ) ,  GHtCiU  10  )  ,NC  I  RCT  (  LO  )  ,  NRCS  ( 10) ,  NRFR 
1D( 10 ) , M I SU I S l luj , D T SC ( 1C)  , MIST Cl ( 10) »*GMI SS  (10) , ARRIS! 
lid ,KGSG( 1C) ,DFMISS(  10) ,AFMIS(  10) ,LFSU( 1C ) * IRCS( 1C! ,RD 
lSC(lC)  tJRCSIiC)  ,JSg(1U)  ,LTGTS(10)  ,AVMISS(  10 ) , SUMD ( 1C  ) , 
AVRGEk ( 10) ,SDRG<  1C)  ,  A VOLE K (  10) , SDLF ( 10)  , A V R CS ( 10) , SLRD 
1(10)  fSDoR(lO)  ,RM(10)  ,CM(  10)  ,AVJRCS(  10) 

ICG=-E 

TFP  AMMUNITION  PARAMETERS  ARE  SET 

ICPG=59 
FF=2C00.0 
PER  =  V.C 
PEC=  1 . 0 

THE  ERR  CP  PARAF1ETEPS  ARE  SET 

$YSERR=0.0 
SYSERD=C.C 
ERROT V=0  .D 
ER»0.0 
BC-C  •  C 
PC ANER-0  .0 
ACF*2.0 
R*-1.0 
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MISSION  TYPE  TO  fcE  INVESTIGATED  IS  SPEC1FIEC 

MTGT=0 

NRCDNU=1C 

TARGET  PARAMETERS  ARE  SPECIFIED 

A  =  5  •  0 
e=5.o 

TGTANG=UCC.O 
ANCLE  T  IS  SPECIFIEC 


5CC 

SCI 

5C2 


ANGLT= 1C .  0 
GC  TC  5C2 
CCNTINOt 
AN0LT=8CC.C 
GC  TC  5C2 
CCNTINUt 
ANCLT=  1 CCC  .0 
T  l»CP  I  =e  •  2 1-  jl  84 

VECTOR  ARRAYS  ARE  ZEROED  OUT 


854 


CC  854  I 
AVRGER {  1 
C  TSC<  I  J  = 
MISTOTII 
RGMISSt  J 
ARMS!  1  ) 
ROSC ( I ) - 
CFM ISS ( 1 
A  FI'  IS  (  I  I 
CFSC(  I )  =■ 
1RCS( I ) = 
RCSCI I ) “ 

jrcs(ii= 

JSC(I)=C 
L TOTS (  I  ) 
AVM ISS (  I 
SCMD( 11= 
SCRC-  (  I )  = 
A  VCFER  (  I 
SCCF(  11  = 
AVRCSd) 
SCRD(  I )  = 
AVJRDSI  I 
SC JR (  I J  = 
RMl I )  =  C  • 
CM (  I  )  =  0  . 
CCNTINUb 
1LC=IDC+ 


=  1,10 
1=0.0 
c.c 
)  =  C.O 
J  =0.0 

=c.c 
0.0 
)=C.O 
=  C  .0 

o.c 

c 

C.C 

0 

=  0 

1=0.0 
C.C 
u.c 
)  =0.0 
c.c 
=  0.0 
c.c 
)  =  C.O 

c.o  . 
c 
0 


c 

c 


CESERVER  TARGET  RANGE  IS  ESTABL ISFEC 
CTPG*2500 

THETA  IS  CCNVERS ICN  CF  ANGLE  T  FRCM  MILS  TC  RAC  IANS • 

TFETA=(ANGLT/6400.0 )*TRCP I 
ST*SIN( THETA) 

CT=COS (THETA ) 

TFETA1  IS  CCNVERSICN  CF  TARGET  CPIENTING  ANCLE  FRCM 
MILS  TO  RADIANS 

THETAl=(TGTANG/64C0.C)*TRQPI 
ST  1=  S IN ( T  hE  T  A  1 ) 

CT l  =  COS ( THET AI  ) 

TFE  RANDOM  NUMBER  GENERATOR  IS  INITIALIZED. 
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S7ART=RAN( -35  L ) 

NI=0 

2CC  M=M  +  i 

COUNTERS  AND  VECTCR  ARRAYS  FOR  EACH  MISSION  FIRED  ARE 
2ERCED  CUT 

211=0.0 
M  TER  =  0 
KTGT=0 
PGSHFT=G.O 
DcFAPL*C..C 
N  T  G  T  =  0 
N  =  0 

0EFTRY=C .0 
DC  853  1=1,10 
ACJC1  (  I  1  =  0.0 
CHECK! 11=0^0 
NCTRGT ( 1 )=C 

nrcsTi )=o 

NRFRD ( I J=0 
MISCISl  li  =  0.0 
853  CONTINUE 

THE  ANGLE  T  ERROR  IS  COMPUTED 

ANGFC«ANGLT-MRAN<  C)1*FCANER 
TETAF0= {ANGFC/64C0.C)*TNUPI 
STFC=SI N ( TETAFGl 
CTFG=C0S(TETAF0i 

BASE  RANGE  ERROR  IS  COMPUTED 

CTEFR= ( P AN ( l ) J*ERRCTV 
IF (RAN! 1) •LT..5iCTERK=-CTERP 

THE  INITIAL  BURST  LOCATION  CF  EACH  MISSION  IS  SET 

RANGE=RAN<  U*4Q0.C 
IF  (RAM  1  i-.LT  .  .5  J  KANG E= -RANGE 
DEFLfc'C  =  RAN(li**:UQ.C 
IF  (RANI 1)  «LT . .5iDEFLEC=-DEFLEC 
i  N*N+ 1 


THE  C  FACTOR  IS  COMPUTED 
C  =  CFCTR(RN,RGSHFT,  ICHG) 

THE  BURST  LOCATION  IN  THE  GLN  TARGET  COORDINATE  SYSTEM 
IS  ESTABLISHED 

PG=(RAN(0i l#PER/.6745+RANGE 
DF=  ( RAN (Oi  )s5‘HtD/.t3  745  +  CEFLEC 

BURST  LOCATION  IN  TARGET  COORDINATE  SYSTEM  IS  ESTAB¬ 
LISHED  ANC  A  DETERMINATION  CF  A  TARGET  HIT  IS  MADE 

RG1=R0TFCR(CF,RG,  STl.CTl) 

DFl=RGTFCD(CF,RGfSTl,CTll 

IF(AoS(RG.lT.LT  .A. AND.  ABS(DFll  .LT.BiCO  TC  2 

BURST  LOCATION  IS  TRANSFORMED  FROM  THE  GUN-TARGET 
TC  OBSERVER  TARGET  COORDINATE  SYSTEM 

FCPG*RClFCR(CF,RO»STFC,CTFCi 

FCCF=ROTFUC<OF,RG,STFO,CTFQ) 

FCRNARO  OBSERVER  ESTIMATES  RANGE  ANC  DEVIATION  MISS 
DISTANCES 

FCCFS=EPRDF(CTRGt FCDF ,FCRG, SYSERC ,CTERR I 
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FGRGS=RNDONE (ERRFCN(CTRG»FCRG»SYSERR»CTERF) ,ACP) 

FCPMRO  Cf SERVER  ESTIMATE  OF  MISS  DISTANCE  IS  TRANS¬ 
FORMED  FRCM  THE  CBSERVER  TARGET  U  THE  GUN  TARGET 
(FIRE  D  IkECT 1 CN  CENTER)  COORDINATE  SYSTEM 

FCCRG=RCTGNR(FODFS,FCRGS,ST,CT) 

FCCCF=kCTGNL( FODFS ,FORGS  »  ST  ,CT) 

GC  TO  3 
2  MGT=NTGT+  1 

IFIMTGT . EO  • l JNIT ER=NRCUND- I 
KTGT-i 

2  MTER=NITER+1 

RANGE  ANC  CEFLECT 1 CN  CORRECTIONS  TC  FIRE  TFE  NEXT 
RCLND  ARE  CGMPUTED 

2IL=ZIL+IkO 

IFIKTGT  .EU.  UGC  TC  4 

ZNS l *0/ 2 1 L 

CCRR*-Z  N^PCCRG 

CCRP=FD  CRCR(CORR»C,ER»R) 

GC  TO  5 
4  CCFP=0.0 

£  RG$hFT=RGSFFT+CORR 
RANGE=RANGE+CORR 
CEFTRY=CEFTRY+I .0 
IFIKTGT.Eg.DGO  TC  6 
APPLUF=-(FCCCF/DEFTRY ) 

AFFLCF=F0CCCR (RN, RANGE, APPLEF,BC) 

GC  TO  7 

6  AFPLDF=C .0 

7  CEFL£C=CEFLEC+APPLCF 
KTGT=0 

REG  ISTRATICN  RANGE  ANC  CEVIATION  ERRORS  APE  COMPUTED 
AFTER  EACH  ROUND  FIRED 

ACJCHNITER)  =  RANGE 
CHECKIN  ITER )=DEFLEC 
NCTRGT ( NIT  ER ) =NTGT 
NFFRD( NITER ) =N 

M I SD IS< NITER) =SORT( AD JCI (NITER) * AC JC I (NITER  )*CFECK(MT 
iEF)*CHECK(NITER) ) 

I F  ( NRCUND..  EC.NITEPIGC  TC  8 
GC  TO  I 
E  CONTINUE 


TALLIES 


MADE 


SUBSEQUENT  STATISTICAL  ANALYSIS 


DO  800  1*1, NITER 

CTSCI I )  =  CTSQ ( I )  +  M I  SC  IS( I  ISDI SCI) 

MST0T(I)  =  MSTuT(1)4M1SC  SI  ) 

RC-MISSI  I)  =  rGMISS(  I  )  ♦  AC  JC  (  I 
ARM  IS  II  )  =  AR.VIS(  1)4  AES  (ACJCI  I)  ) 

RGSQ( I) =RGSu( I )4ALJCI  (I )*ADJCI (I) 

CFMISSI I )*OFNISS( I J+CHECM I ) 

Af  M  1$  (  I  )*AFM. IS  ( I  )4  AES  (CHECK!  D) 

Cf  S0(  I)  =DF  SC(  I  )4CHECK(  I  )*CHECKU  ) 

JRCS(  )=JROS( I)4NRFRD( I ) 

JSC ( I  =JSC(I )4NRFPC(I)*NRFRC(IJ 
LTGTS  I )=LTGTS( I )4NCTRGT(I ) 

CONTINUE 

IF  (M-25 )20C , 300 ,300 
l  IP=FLOAT INI  ) 

WPITE(6,9011 )RN,  PER, PEC 
HRITE(6,S0CA)ANGLT ,halfs 
WRITE(6,ICC)SYSERR, SYSERU 
hFITE  6,L1G0)FCANER 
DC  £01  1  =  1, NITER 
A VM ISS (  I  )=»MISTOT  ( I  )  /ZI P 

SCMD(l)=SuRT((DTSC(I)/ZlP)-AVMISS(I)*AVMISS(I)) 
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eci 

1000 

lice 

9C11 

7000 

9004 

90CC 

9CC1 

SCC2 

9CC5 

990C 

91CC 

99C6 

99C  7 
ICC 

502 


NR  1TE  (6 , 9907  )  I 

NRITE(b ,9000)AVMI$S(l ),SDMD( I) 

A  VRGER  (  I)=RGMISS(  I  )  / Z I  P 

SLRG(  l)=SCRT(  (KGSU  1 )  /  L  I  P  )-AVRGER  (II  *A  VRGER  (1  ) ) 
NRlTE(6.5CCl)AVRofcR(l  )  t  SDRG  ( 1 ) 

AVCFERt i)=DFMISS< I ) /ZIP 

SCDF(  l)*SQRT  (  (Of  SU  I ) / Z I P )-AVDF ER <  l)*AVDFER(I)  ) 


RR 


CM 

NR 

AV 


E(t,5GU2)AVOFEKU  )  ,SDUF  (I) 


RM1I*AI<MIS(  u/zip 
~ ) * AFM  IS(  li/ZIP 


AFP  IS(  I 

i fc( c • 9SC6) RM(  1)  , DM (  1 1 
R0S< I)=JR0S{ li/ZIP 
SCJR<  n=SCPT((JSa  1)/ZIFJ-AVJR0S(I)>1'AVJRCS(  in 
NR1TE(6,SCC5)AVJHDS<I ) ,SUJR  lli 
NPITE(6,S90C)UTGTS(I) 

CCMINUE 

IF( IDO) 5CC»5C1, 5C3 
FORMAT!'  * » T 7 » 

1RPCR*' , F  S. 2 ) 

-  -  , 


•*T7,lP  RANGE  ERROR= • , F9 .2 , T60 , 1 P  DEVIATION  E 


.  n  nr-  ■  t 

FORMAT ( 
15.2) 

FORMAT  ('1/ 

it. 2) 

FORMAT (  ' 


rUNIMI  |  *  Til  (I  'KLUIUi  IVUHOCR-  '  t  1*1  t  ’H 

l '  ,F9.3  , 10X ,'  AIM  POINT  CEV I  AT ION* * , F5 .3 ) 


» T7 » 
t  T7  t 
.T7, 


FORMAT ( 'O' ,T7  » 

FORMAT ( *0  *  »T7» 

lev*' » F  9 .2 ) 

FORMAT (•  '  »T7  i 
1='  ,F9.2  ) 

FORMAT  (•  » T 7  » 

1C  CEV*', F 9.2) 

FORMAT  ( '  «,T7, 

12) 

FORMAT (  •  1  f T7  » 

FORMAT (»0* ,T7» 

IV  DF  GUN  ERR L'k*  *  ,F6.2) 


*T  7  , 
2) 

»  T45 


FORMAT  (  « 

1M I S$*'  ,  FS 
FORMAT ( »C 
FORMAT ( 1  «,T7, 
1ERRCR*'  ( F5 .2 ) 
STOP 
ENC 


STANDARD  DEVIATION  OF  ANGLE  T  ERROR* 1 , F 
RANGE='»F9.2»7X,  •  FER* ■ , Ft . 2 , 7X , • PEC* '  ,F 
ROUND  NUMBERS , 14,  ICX, 'A IM  POINT  RANGE* 


ANGLE  T  =  '  ,F9  *2  , T  t C  » ' FAUFS*  1  ,F6  .2  ) 
AVERAGE  MISS  DISTANCE*' ,  FS .t ,TtO, ' STD  D 

AVERAGE  RANGE  ERROR* • ,F9 . 2  , T tO , ' STC  CEV 

AVERAGE  DEFLECTION  ERROR* • ,FS . 2 . T60 ,  '  ST 

AV  FFE  ROUNDS* 1 » Ft .2, T60 ,  *STC  CEV*', Ft. 

TOTAL  TARGETS  STRUCK*', 16) 

STD  DEV  GUN  CE  ERROR* ' ,  F6 .2 , T60 , « S TD  CE 


AESRANGE  M ISS*' ,FS, 2,160, • AfaECE VIAT ION 

•FIRE  FOR  EFFECT  RCLND  NO:' ,14) 

FC  RANGE  ERROR*' ,F5.2,T60, 'FC  DEVIATION 
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X-BAR  S IMULAT  JCN  FUNCTIONAL  PROGRAM  LISTINGS 


FUNCTION  RANI J I 

THIS  FUNCTION  GENERATES  UN1FORM(0,1)  ANC  NORMAL  4  C «  1 ) 
fi ANCCM  NUMBERS 

FCR  J  LT  ,C  SLT  INITIAL  VALUE  OF  CENEKATCF 
FOR  J  EQUAL  0  GENERATE  NORMAL  (C.l)  NUMBFR 
FCR  J  GT  0  GENERATE  UNIFORM  <0,1*  NUMaER 

IFIJ.GE.OJGO  TO  10 
I >  =  1-2^  J 
>  =  C 

GO  TO  L 5 C 

10  I>=IX'»'6‘>i33S 

I F ( IX.LT.C)  i X  =  I  X+ 2  147  482647+1 
X  =  FLOAT  I  IX  .46566  13E-9 
IFIJ.NE.QJGC  TO  150 
DC  100  1=1, 11 
IX=IX*tS529 

IF (1X.LT.0) I X= IX +2 147 482647+1 
ICC  X=X+HLOAT(IX)*.46566l3fc-9 
X=X-6.0 
15C  RAN=X 
RETURN 
ENC 


FUNCTION  ERRFCN (X,Y,N,Z) 

THIS  FUNCTION  DETERMINES  THE  FORWARD  OBSERVER  ERROR 
IN  ESTIMATING  ACTUAL  RANGE  CF  TFE  BURST. 

X-CESERVER  TARGET  RANGE 

Y-ACTUaL  BURST  LOCATION  RELATIVt  TO  TARGET 
W-CESERVER  SYSTEM  ERROR  IN  RANGE 
Z-BASE  RANGE  ERROR 


ZX  =  RAN(  1)*N 
ERROR =ZX 

IF  (RAN  (I* .GT..51GC 

EPRCR=-ERROR 

ERRG=Y  +  ERRCR 

ERRFCN=  ERRG  +  Z 

GC  TO  3 

RETURN 

END 


TC  1 


FUNCTION  ERRDFI X,  Y,Z, N,U) 

THIS  FUNCTION  DETERMINES  FORWARD  CESERVER  ERRCR  IN 
SENSING  DEFLECT  ION  OF  BURST 

X-CBSER VER  TARGET  DISTANCE 

Y-ACTUAL  BURST  DEFLECT  I CN  LL'CATICN  RELATIVE  TC  TARGET 
2-ACTUAL  BURST  RANGE  LOCATION  IN  RELATION  TC  TARGET 
W-CBSER VER  SYSTEM  ERRCR  IN  DEFLECTION 
U-8ASE  RANGE  ERRCR 

ec=c.o 

TCTRG=X+Z+L 

EFRCR  =  (W*Q.OOll!MPAN(i*)*TOTRG 
IF (RANI  1  i .GT • • 5 *  GO  TO  1 
ERRCR=-ERRCR 
1  ERCF=Y+ERRCR 

ERRCF=HDCDCK(X,Z,ERCF,ED) 

3  RETURN 
ENC 
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FUNCTION  RGTGNDIX, Y.Z.R) 

TUS  FUNCTION  TRANSFORMS  BURST  DEVIATION  FROM  THE  CE- 
SERVER-TARGET  TO  THE  GLN  TARGET  CCLRDI NATE  SYSTEM 

X-  OBSERVER  COORDINATE  CE  BURST  CEVIATICN  MSS  DIS¬ 
TANCE 

Y-  CuScRVER  COORDINATE  OF  BURST  RANGE  MISS  CISTANCE 
2-  SIN  CE  ANGLE  T 
W-  COS  CE  ANGLE  T 

RCTGND=>*W-Y*Z 

RETURN 

END 


FLNCTICN  RCTGNR(X,Y,ZfW> 

TFIS  FUNCTION  TRANSFORMS  BURST  RANGE  FROM  THE  OBSERVER 
TARGET  TG  THE  GUN  TARGET  CCCROINAfE  SYSTEM 

X-  OBSERVER  COORDINATE  GF  BURST  DEVIATION  MSS  DIS¬ 
TANCE 

Y-  OBSERVER  COORDINATE  CF  BURST  RANGE  MISS  DISTANCE 
Z-  SIN  CF  ANGLE  T 
In-  COS  CF  ANGLE  T 

PCTCNR=X*2+Y#K 

RETURN 

ENC 


FLNCTICN  ROT FOD ( X  * Y , Z  »  W  ) 

TFIS  FUNCTION  TRANSFORMS  BURST  DEVIATION  FRCM  THE  GEN 
TARGET  TO  THE  CbSERVEP  TARGET  CCLRC I  NAT  E  SYSTEM 

X-  GUN  COORDINATE  OF  BURST  CEVIATICN  MISS  CISTANCE 
Y-  GUN  COORDINATE  CF  BURST  RANGE  MSS  DISTANCE 
2-  SIN  CF  ANGLE  T 
h-  COS  CF  ANGLE  T 

RCTFOD=X*R+Y*Z 

RETURN 

END 


FUNCTION  RCTFOR ( X» Y »Z » N  ) 

THIS  FUNCTION  TRANSFORMS  BURST  RANGE  FRCM  THE  GUN- 
TARGET  TO  THE  OBSERVER  TARGET  CCCRDINAT E  SYSTEM 

GUN  COORDINATE  CF  BURST  CEVIATICN  MISS  CISTANCE 
Y-  GUN  COORDINATE  OF  BURST  RANGE  MISS  DISTANCE 
2-  SIN  CF  ANGLE  T 
In-  COS  CF  ANGLE  T 

RCTFOR=Y*R-X*Z 

RETURN 

ENC 
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FUNCTIGN  FDOKCRL X  ,C  »  G  »  R) 

7MS  FUNCTICN  COMPUTES  RANGE  CORRECTION  IN  METERS 
SLbJECT  TC  1  ML  Ck  0.1  MIL  QUACRAM  ELEVATION  SETTING 
L  IMITAT  luN 

X-  RANGE  SHIFT  RECUESTEC 
C-  TFE  C- FAC  TOR 

G-  GUN  CHEW  EKkOH  STANDARD  CEV1AT1CN  IN  AFPLY1NG  RE¬ 
QUESTED  ELEVATION  SETTING 

R-  INDEX  TO  DETERMINE  IF  CORRECTIONS  CORRESPOND  TC  I 
CR  0.1  MLS 

2*C*X/ 100.0 

IfTk.GI  .0.0  I Z2=R£CFF ( 2 ) 

IFLR.GT  .C.CIGC  TC  3 
N=  I F  IX ( 2  ) 

I F  ( 2 .  LI  .O.CIGC  TC  1 
IF ( AbS( 2-N).GE..5JN=N+i 
GC  TC  2 

1  IF(AbS(2-M  ♦GE..5IN*N'M 

2  22=FLUAT (N  ) 

3  E-2HRA N(0)*G 
FCCRCR=E*1CG.C/C 
RETURN 

ENC 


FLNCTICN  FDCDCR ( X » Y » W » G) 


TFIS  FUNCTICN  COMPUTES  LEFLECT1CN  SHIFT  IN  METERS  SLb- 
JECT  Tu  i  MIL  DEFLECTICN  SETTING  LIMITATION 


X-  REPORTED  uUN  TARGET  RANGE 
Y*»  RANGE  MISS  DISTANCE  CH  t j L H S T 
h-  THE  DEVIATION  CORRECTION  IN  METERS 
G-  GUN  CHEW  ERROR  STANCARD  CEVIAT10N  IN 
DEFLECTION  SETTING 

TCTRG=X+Y 
2eW*lOCC.O/TOTRG 
N* IF  IX ( 2  ) 

IFL2.LT. C-CIGC  TC  I 
IFLA8S(2-N).Gt. .5)N=N+i 
GC  TC  2 

IF(ABS(2-NI.GE..5)N=N-1 

E=FLGATLN)+RANLO)*G 

FCCCCR=E*TCTRG/1000.0 

RETURN 

ENC 


APPLYING 


FUNCTION  RDOFFL Y I 

TFIS  ROUTINE  ROUNOS  CFF  INPUT  TO  NEAREST  IC  METERS 

Y-  THE  INPUT  VALUE  TC  EE  RCUNDEC 

N=IFIXm/10 

1FLY.LT. 0.0)  GO  TC  5 

IFL  IAbSL IFIXL  Y)-LG*M . GE.5.C)  N  =  NU 

GC  TC  7 

5  IFLIABS(IFIXLY)-IO*N).GE.5.0)  N=N-1 
7  RCCFF=lC*FLOAT(N) 

RETURN 

ENC 
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FUNCTION  CFCTPIX,  Y  ,  J  I 

IMS  FUNCTION  CUNPLTES  THE  APPROPRIATE  C-FACTCx 

X-  GUN  TAPCFT  KANG E 
V-  TOTAL  RANGE  ShlfTS 
2-  THE  CHARGE  F1REL 

PANGE=X+ Y 
IF< I. EG  .61  ) GO  TO  6 
IF  (  I  .EC.bv  K.0  TO  7 
1  F  (  I  •  E  l!  .  >  1  )  0  u  TO  6 
IT ( I.  Eg  .71  GO  TO  A 
IF  I  I » El  .6 ) GO  TO  3 
IF( I.fcO.SiGC  TO  2 
IF li .El  .41GC  TO  1 
CsRANGt~C.Cc+22.G 
GC  TO  S 

1  C- RANGE *0.012+19.0 
GC  10  S 

2  C=PANGE*C.CC7+22.0 
GC  TO  5 

2  C=PANGE*G..CCd-3.C 
GC  TC  b 

4  C*PANGE*0»005+4.C 
GC  TO  b 

6  C  =  RANC-E-u. 006+28 .0 
GC  TO  b 

7  C=RANGE*C.CC4+37.C 
GC  TO  5 

E  C=C.G2*KANGE-ll5.0 

5  L  F  t  T  K  =  C 
RETURN 
END 


FUNCTION  RNDCNEIZ.M 

THIS  FUNCTION  RCUNLS  OFF  INPUT  TC  NEAREST  UNIT  VALUE 

2-INPUT  TC  HE  ROUNCEC  TC  NEAREST  UNIT  VALLE 
N-IF  VALUE  GREATER  InAN  CNl  KGuNLING  IS  CES1REC 
IF  VALUE  IS  LESS  THAN  ONE , KOUNC I NG  NOT  CES1RE0 

IFU.LT.UOGO  TC  2 
N= I F IX ( Z  ) 

I F ( Z . LT • C . C) GO  TC  1 
1 F ( AOS ( Z-N  >  .GE • . 5 )N=N+ 1 
GC  TC  2 

1  IF(ABS(2-N).GE..5»N=N-1 

2  RNC=FLO AT (N  1 
GC  TC  4 

2  PNC  =  Z 
4  RNCCNE=  PNC 
RETURN 
END 
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